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in actinomycetes However, the novel polyketides and processes which are the subject of this 
invention are synthesised by Type I PKS's. represented by the PKS s for the macrolides 
erythromycin, avermectin and rapamycin (Figure 1). and consist of a different set or "module" of 
enzymes for each cycle of polyketide chain extension (Figure 2A) (Cortes. J. et af. Nature (1990) 
5 348:1 76-178; Donadio. S. et al. Science (1991) 252:675-679. MacNeil. D. J. et al. Gene (1992). 
115:1 19-125. Schwecke. T. etal. Proc. Natl. Acad. Sci. USA (1995) 92:7839-7843). Note: The 
term "natural module" as used herein refers to the set of contiguous domains, from a |i- 
ketoacylsynthase ("KS") gene to the next acyl earner protein ("ACP") gene, which accomplishes 
one cycle of polyketide chain extension The term -combinatorial module" is used to refer to any 
l" group of contiguous domains (and domain parts), extending from a first point in a first natural 

module, to a second equivalent point in a second natural module. The first and second points will 
generally be in core domains which are present in all modules, i.e.. both at equivalent points of 
respective KS. AT (acyl transferase). ACP domains, or in linker regions between domains. 

Figure 2 shows the organisation of the erythromycin producing PKS. (also known as 6- 
15 deoxyerythronolide B synthase. DEBS) genes. Three open reading frames encode the DEBS 
pofypeptides. The genes are organised in six repeated units designated modules The first open 
reading frame encodes the first multi-enzyme or cassette (DEBS1) which consists of three 
modules: the loading module (ea-load) and two extension modules (modules 1 and 2). The 
loading module comprises an acyl transferase and an acyl carrier protein. This may be contrasted 
20 with Figure 1 of W093/1 3663 (referred to betow). This snows ORF1 to consist of only two 
modules, the first of which is in fact both the loading module and the first extension module. 

In-frame deletion of the DNA encoding part of the ketoreductase domain of module 5 in 
DEBS has been shown to lead to the formation of erythromycin analogues 5.6-dideoxy-3- 
-mycarosyl-5-oxoerythronolide B. 5.6-dideoxy-5-oxoerythronolide Band 5.6-<Jideoxy-6.6 
25 -epoxy-5-oxoerythronolide B (Donadio. S. et al. Science. (1991 ) 252:675-679). Likewise. 

alteration of active site residues in the enoylreductase domain of module 4 in DEBS, by genetic 
engineering of the corresponding PKS-encoding DNA and its introduction into 
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Saccharopolyspora erythraea. .ed to the production of 6.7-anhydroerythromycin C (Donadio S. et 
al Proc. Natl. Acad. Sci. USA (1993) 90.7119-7123). 

International Patent App«icat.on number WO 93/13663. which is incorporated herein by 
reference in its entirety, describes additional types of genetic manipulation of the DEBS genes 
that are capable of producing altered polyketides However, many such attempts are reported to 
nave been unproductive (Hutch.nson C. R. and Fujii. I. Annu. Rev. Microbiol. (1995) 49:201-238. 
at P .231) The complete DNA sequence of the genes from Streptomyces hygroscopicus thai 
encode the modular Type 1 PKS governing the biosynthesis of the macrocyctic 
immunosuppressant polyketide rapamycin has been disclosed (Schwecke. T et al. (1995) Proc. 
Natl. Acad. Sci. USA 92:7839-7843) (Figure 3). The DNA sequence is deposited in the 
EMBL/Genbank Database under the accession number X86780 

Although large numbers of therapeutically important polyketides have been identified, 
there remains a need to obtain novel po*ketides that have enhanced properties or possess 
completely novel bioactivrty. The complex polyketides produced by modular Type I PKS s are 
particularly valuable, in that they include compounds with known utilrty as anthelmintics, 
insecticides, .mmunosuppressants. antifungal, and/or antibactena, agents. Because of their 
structural comply, such nove. po.yketK.es are not readily obtainable by total chemical synthesis, 
or by chemica. modifications of known peptides. One aspect of the invention arises from our 
appreciation that a Type I PKS gene assembly encodes a loading module which is followed by 
extension modules. It is partial useful to provtfe a hybhd PKS gene assembly in which the 
.oading module is heterologous to the extension modules and is such as to lead to a potyketide 
havinganaKeredstarterunit. This is a concept ou«e unknown to the pnor art since this does not 
recognise the existence of loading modules W093/13663 refers to altering PKS genes by 
inactivating a single function (i.e. a single enzyme) or affecting "an entire module" by de.etion. 
insertion, or replacement thereof. The .oading assembly, .n the,r terms, is not a module. 

,t the loading modu.e is one wh,ch accepts many different carboxylic add un,ts. then the 
hybrid gene assembly can be used to produce many dff erent polyketides. For example, a hybrid 
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gene assembly may employ nucleic acid encoding an avr loading module with so. extender 
modules A loading module may accept unnatural acid units and derivatives thereof: the ayr 
loading module is particularly useful in this regard (Dutton et at .. (1991) J. Antibiot. 44:357-365). 
In addition, it is possible to determine the specificity of the natural loading module for unnatural 
5 starter units and to take advantage of the relaxed specificity of the loading module to generate 
novel polyketides. Thus, another aspect of this invention is the unexpected ability of the ery. 
loading module to incorporate unnatural carboxylic acids and derivatives thereof to produce novel 
erythromycins in erythromycin-producing strains containing only DEBS genes. Of course one may 
also make alterations within a product polyketide particularly by replacing an extension module by 
one that gives a ketide unit at a different oxidation state and/or with a different stereochem.stry It 
has generally been assumed that the stereochemistry of the methyl groups in the polyketide chain 
is determined by the acyltransterase. but it is. in fact, a feature of other domains of the PKS and 
thus open to variation only by replacement of those domains, individually or by module 
replacement. Methyl and other substftuents can be added or removed by acyltransterase domain 
1 5 replacement or total module replacement. Consequently, it also becomes apparent to those 
skilled in the art that it is possible to combine the use of the relaxed substrate specificity of the 
erythromycin loading module with extension module replacement and hybrid loading module 
substitution with extension module replacement as a mechanism to produce a wide range of novel 
erythromycins. Thus, this invention describes the production of novel erythromycins by non- 
20 transformed organisms and also such gene assemblies, vectors containing such gene assemblies, 
and transfonmant organisms that can express them to produce novel erythromycins in transformed 
organisms. Transfonmant organisms may harbour recombinant plasmids. or the plasmids may 
integrate. A plasmid with an int sequence will integrate into a specific attachment site (aft) of a 
host's chromosome. Transfonmant organisms may be capable of modifying the initial products. 
25 e.g. . by carrying out all or some of the biosynthetic modifications normal in the production of 

erythromycins (as shown in Figure 2B) However, use may be made of mutant organisms such that 
some of the normal pathways are blocked, e.g.. to produce products without one or more "natural" 
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or sugar groups, tor inaance asdeschbed in WO 91/16334 o, in Webe, e, a,. 
,1985, J. Bacteno, 164:425-433 M are incorporated nerein Oy relerence in Mr entire*. 

use may be made o. organisms in which some o. tne norma, pathway are 
oppressed » overcome po.ent.at rate-IMbn, steps ,n me production o. me desired product. 
te(1 „ 9 anc.aade^^^97^«n^is^m»d nerein by ^«enoe in «s^. 

This aspect o, me method is largely concerned wim beating PKS gene modules as 
MM blocks lha, can be used K> construe, enzyme systems, and thus nove. e^romycin 
p^uc*. otdeared types. Thisgeneratty invoh-es the cubing out and me assemb* o. modutes 

ha i„ the Wbng regions between moduies. However, it may be preterabie to matte culs and ioms 
sauaiy w*in domams (i.e.. me ersyme-coding pon»ns,. ciose ,o the edges there* The DNA ,s 
hfchly conse^d hare between a» modutar PKS s. and mis may aid m me construct o, hybnds 
ma,canbeean S chbed.n ma »a^asais.,nmam^g»tesp a c J ngo.*eac.ivas«eso..he 

ee^ed enzyme, wh*h may be important. For example, in producng a bybr* gene by facing 
me^,oadmgn»du 1 ebvan Mto adingmc<.u,e.,he Sa modu,e1ogeiher»«hasm^amouh,o, 

the trowing Ketosymhase <K S > domain was remov*. The *art o. me KS domain (we,, spaced 
„„„, me acbve site, is high,y consoled and theretore Provides a su«abte spi,c,ng s«e as an 
a^ivetothetinKe, region be W een me .ceding domain and me aarto. the KS domain. The 
excised S£l£ module was then replaced by en aH loading module. 

,„ tact when sudsbtudng a Hading modute. i. may be desirabte » replace no. jus. me 

me KS a, me *art o, me ,o»owmg extend Typ*a»y me excieed fading modute wou* 

neve provided a p^ptonate starter, and .he repfceemen, is intended to provrte one or more 
dHteren, aarte*. Pnoptonale. however, mayt^dinto me KS o. me ex.en.on modute bom e 
p^nele poo, in the host celt, leadir* to dilution o. the desired products This can be largely 
prevented by subs.tu.ing an extended toeding module including a» or most ot the KS domain 
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(The splice site may be in the end region of the KS gene, or early in the following AT gene, or the 
linker region between them.) 

When replacing "modules", one is not restricted to 'natural" modules. For example, a 
■combinatorial module" to be excised and/or replaced and/br inserted may extend from the 
5 corresponding domain of two natural-type modules, e.g.. from the AT of one module to the AT of 
the next, or from KS to KS. The splice sites will be in corresponding conserved marginal regions or 
in linker regions. A combinatorial module can also be a double' or larger multiple, for adding 2 or 
more modules at a time. 

In a further aspect, the invention provides novel erythromycins obtainable by means of the 
10 previous aspects. These include the following: 

(i) An erythromycin analogue (being a macrolide compound with a 14-membered ring) in 
which C-13 bears a side-chain other than ethyl, generally a straight chain C3-C6 alkyl group, a 
branched C 3 -C 8 alkyl group, a Cg-Cg cycloalkyl or cycloalkenyl group (optionally substituted, e.g.. 
with one or more hydroxy. _ 4 alkyl or alkoxy groups or halogen atoms), or a 3-6 membered 
1 5 heterocycle containing O or S. saturated or fully or partially unsaturated, optionally substituted (as 
for cycloalkyl). or R f is phenyl which may be optionally substituted with at least one substituent 
selected from C,-C 4 alkyl. C,-C 4 alkoxy and C,-C 4 alkyithio groups, halogen atoms, trifluoromethyl. 
and cyano. or R, may be a group with a formula (a) as shown below: 



(oy a 

20 (CHzV 




wherein X is O. S or -CH r . a b. c. and d are each independently 0-2 and a + b + c + d < 5 Preferred 
candidates for the C-13 substituent R are the groups of carboxylate units RCOOR 1 . usable as 
substrates by an gyr starter module, or rapamycin starter vanants. Preferred substrates are the 
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can ,ead, 1 ybeu« 1 , Seaa s S u bS .ra.es b y 1 he aa s,anar m odu 1 eas-K, aralKl byDu» n e,a,,nEP 

0350187 which is incorporated herein Oy ,e.erence in its enhrety Preferred amides are N-aoyl 
, razees. O.herai.ema^esubs.raresmarmayheusedarederiva^swhichareoxida.ve 

v.,. rK.re for oxamole suitable substrates would be amino acids of 
precursors for the carboxylic acids: thus, for example suixao s 

TOkOTuteB CH (N H,,COOH. g ,y^^ 

..e.ormuiaflCH^.me.hanCdenvar.esoUhe.om.uiaRCHflH.a^ehydeso.me.ornruia 
RC HO o, subs.Ud.ed aixan* acids o. .he rormuia R ( CH,,.COOH wherein n is a. 4. o, 6. Thus 
espies o, prererred subsrra.es inciude .sobuhMe <R-*r) and a.me.hy.bu.yra.e (P»1- 
■nethyipropy,,. Orher ponies inciude n-buvrare. cyciopropy. carboxylare. cycfcbu* 
cycfcpenryi carboxyra«e cyCohexy, carboxyiare. cytfohepuny, cad=ox,are. 
^ carboxya.es. cy*hep,eny, carCOKyia.es. and r,ng.memy,a,ed vananrs « me cyciic 
carbdxyra.es and We alorementioned derivatives thereof. 
15 The erythromycin anaiogue may correspond ro< he initia. product o. a PKS (6- 

deoxye^tronoHde, or me product atter one o, more o, rhe norma, fcosynthebc sreps. As shown 
Fisure 2b these comprise: s-hydroxyiarion: 3-O^iycosy.a.ion; s-O-giycosyiation: 12- 



10 



in 



hydroxylation; and specific sugar methylation. 

Thus, the analogues may mclude those corresponding to 6-deoxyerythrono.ide B. 

20 eryt«uomyc.nA.and^^ 
shown in Figure 2b. 

,., avmromyoin anaiogues din-King from me con-eeponding naarrar compound (Figure 
. a) , n ,heo»da t ions.a,eo.oneorn W reo.mexe,ideun„s ( i..se.ec.iono,a»eo,abves fro m,h. 

group: -CO-. -CH(OH)-. =CH-. and -CH 2 -> 

The stereochemrstry of any -CH(OH)- is aiso independently se.ectab.e. 
m Erythromycin ana,ogues differing from the corresponding natural- compound in the 
absenceofanaturarmethy.^ha.n. (This is achievable by use of a variant AT). Normal 
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extension modules use either C 2 or C 3 units to provide unmethylated and methylated ketide 
units. One may provide unmethylated units where methylated units are natural (and vice versa, in 
systems where there are naturally unmethylated units) and also provide larger units, e.g.. C 4 to 
provide ethyl substrtuents. 
5 (iv) Erythromycin analogues differing from the corresponding natural' compound in the 

stereochemistry of natural' methyl; and/or ring substrtuents other than methyl. 

(v) Erythromycin analogues having the features of two or more of sections (i) to (iv) 

(vi) Derivatives of any of the above which have undergone further processing by non-PKS 
enzymes, e.g.. one or more of hydroxylation. epoxidation. glycosylate, and methvlation. 

» Methods are described for the production of the novel erythromycins of the present 

invention. In the simplest method, unnatural starter unrts (preferably, but not restricted to the 
carboxy»,c acid analogues of the unnatural starter unrts) are introduced to untransformed organisms 
capable of producing erythromycins. A preferred approach involves .ntroduction of the starter unit 
into fermentation broths of the erythromycin-producing organism, an approach which is more 
effective for transformed organisms capable of producing erythromycins. However, the starter unit 
analogue can also be introduced to alternative preparations of the erythromycin-producing 
organisms, for example, fractionated or unfractionated broken-cell preparations. Again, this 
approach is equally effective for transformed organisms capable of producing erythromycins. In 
another method, one or more segments of DNA encoding individual modules or domains within a 
heterologous Type I PKS (the "donor" PKS) have been used to replace the DNA encoding, 
respectively, individual modules or domains within the DEBS genes of an erythromycin-producing 
organism. Loading modules and extension modules drawn from any natural or non-natural Type I 
PKS. are suitable for this "donor" PKS but particularly suitable for this purpose are the components 
of Type I PKS's for the biosynthesis of erythromycin, rapamycin. avermectin. tetronasin. 
oleandomycin, monensin. amphotericin, and rifamycin. for which the gene and modular 
organisation is known through gene sequence analysis, at least in part Particularty favourable 
examples of the loading modules of the donor PKS are those loading modules showing a relaxed 
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specificity, for example, the loading module of the avermectin (avr)-producing PKS of 
Streptomyces avermitilis; or those loading modules possessing an unusual specificity, for 
example, the loading modules of the rapamycin-. FK506- and ascomycin-producing PKSs. all of 
v.hichnatura.lyac^ptashik.mafe^ehvedstarterunrt. Unexpectedly, both the untransformed 
and genetically engineered erythromycin-producing organisms when cultured under suitable 
conditions have been found to produce non-natural erythromycins, and where appropriate, the 
products are found to undergo the same processing as the natural erythromycin. 

in a further aspect of the present invention, a plasmid containing "donor" PKS DNA is 
.ntroduced into a host cell under conditions where the plasmid becomes integrated into the DEBS 
genes on the chromosome of the erythromycin-producing stra,n by homologous recombination, to 
create a hybrid PKS. A preferred embodiment is when the donor PKS DNA includes a segment 
encoding a loading module in such a way that this loading module becomes linked to the DEBS 
genes on the chromosome. Such a hybrid PKS produces valuable and novel erythromycin 
products when cultured under suitable conditions as described herein. Specifically, when the 
loading module of the DEBS genes is replaced by the loading module of the 
avermectin-producing (avr) PKS. the novel erythromycin products contain a starter unit typical of 
those used by the avr PKS. Thus, when the loading module of the ery PKS is replaced by the avr 
.ceding modu«e. Saccharopolyspora erythraea strains containing such hybrid PKS are found to 
produce 14-membered macrolides containing starter units typically used by the avr PKS. 

Itis unexpected that the 14-membered macrolide potyketides produced by such 
recombinant ceHs of S. erythraea are found to indude derivatives of erythromycin A. showing that 
the severe, processing steps required tor the transformation of the products of the hybrid PKS into 
novel and merapeutically va^ 

aspect of the present invention is the unexpected and surphs-ng finding that transcription of any 
of the hybrid erythromycin genes can be specif ica.lv increased when the hybrid genes are placed 
under the contro. of a promoter for a Type II PKS gene .inked to a specific activator gene for that 
promoter « is particularly remarkab.e that when a genetically engineered cel. conta.ning hybrid 
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erythromycin genes under such control is cultured under conditions suitable for erythromycin 
production, significantly enhanced levels of the novel erythromycin are produced. Such specific 
increases in yield of a vaJuable erythromycin product are also seen for natural erythromycin PKS 
placed under the control of a Type il PKS promoter and activator gene. In a preferred embodiment, 
desired genes present on an SCP2*-derived pfasmid are placed under the control of the 
bidirectional actl promoter derived from the actinorhodin biosynthetic gene cluster of 
Streptomyces coelicolor. and in which the vector also contains the structural gene encoding the 
specific activator protein Act M-orf 4. The recombinant plasmid is introduced into 
Saccharopolyspora erythraea. under conditions where either the introduced PKS genes, or PKS 
genes already present in the host strain, are expressed under the control of the actl promoter. 

Such strains produce the desired erythromycin product and the activator gene requires 
only the presence of the specific promoter in order to enhance transcriptional efficiency from the 
promoter. This is particularly surprising in that activators of the Actll-orf4 family do not belong to a 
recognised class of DNA-binding proteins. Therefore it would be expected that additional proteins 
or other control elements would be required for activation to occur in a heterologous host not 
known to produce actinorhodin or a related isochromanequinone pigment. It is also surprising and 
useful that the recombinant strains can produce more than ten-fold erythromycin product than 
when the same PKS genes are under the control of the natural promoter, and the specific 
erythromycin product is also produced precociously in growing culture, rather than only during the 
transition from growth to stationary phase. Such erythromycins are useful as antibiotics and for 
many other purposes in human and veterinary medicine. Thus, when the genetically engineered 
cell is Saccharopolyspora erythraea. the activator and promoter are derived from the actinorhodin 
PKS gene cluster and the actl/actll-orf4-regulated ery PKS gene cluster is housed in the 
chromosome, following the site-specific integration of a low copy number plasmid vector, culturing 
of these cells under suitable conditions can produce more than ten-fold total 14-membered 
macrolide product than in a comparable strain not under such heterologous control. When in such 
a genetically engineered cell of S. erythraea the PKS genes under this heterologous control are 
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hybrid Type I PKS genes whose con-ruotlon is described berein. more .ban 1*4*1 bybbd 
potyKetUe product can be obtained compared to the same hybrid Type i PKS genes no. under 
such centre,. Specify, when the hybnd Type , PKS genes are the e* PKS genes in which the 
toader module is reptaced by me avr loading module, a .en-told increase is lound in me <o.at 
amoun.s o. novel remembered macroiides produced by .he genetically engineered celis when 
cultured under suitable conditions as desenbed herein. 

The suitable and preferred means of growing the untransformed and genet.ca.ly- 
engineered erythromycin-produc-ng ce.ls. and suitab.e and preferred means for the isolation, 
identification, and practical utility of the nove, erythromycins are described more fully in the 
examples. 

immr-Y " f thp invention 
The present invention relates to compounds of the formula 1: 



N(CH^ : 



1 




H3C ORi3 

and to pharmaceutical^ acceptable salts thereof, wherein: 

R, is an a.pha-branched alky.. a.Kenyl. aJkyny,. alkoxyalky. or alkylthioalky. group any of 
wh,ch may be optionally substtuted by one or more hydroxy! groups, a C s O. cydoaHcytafky. group 
wherein the a.kyl group is an alpha-branched C^ s aUcyl group: a W, cyc.oa.ky. or C 5 -C 8 
cyc.oa.keny. group. e.ther of which may optionally be substituted by methyl or one or more 
hydroxy,, or one or more Chalky, groups or halo atoms: or a 3 to 6 membered oxygen or sulphur 



<wo_ 
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containing heterocyclic ring which may be saturated, or fully or partially unsaturated and which may 
optionally be substituted by one or more C,-C 4 alkyl groups or halo atoms: or R, is phenyl which 
may be optionally substituted with at least one substituent selected from C,-C 4 alkyl. c,-C 4 alkoxy 
and C,-C 4 alkylthio groups, halogen atoms, trifluoromethyl. and cyano; or R, may be a group with a 
formula (a) as shown below: 



(CH 2 ) < 

K.X. 



(CH 2 ) av ^ ^ (CH 2 ) C >^ 



10 



wherein X is O. S or -CH 2 -. a. b. c. and d are each independently 0-2 and a + b + c + d < 5. 

R 2 .sHorOH; R 3 -R s are each, independently H. CH 3 . orCH ? CH 3 ; R 6 is H or OH, and R 7 is H, 
CH 3 . orCH.01,; R e is H or desosamme: R 9 is H. CH 3 . or CH ? CH 3 . R w is OH. mycarose (R„ is H), or 
cladinose <R„ is CH 3 ). R„ is H; or R „ = R„ = O: and R e is H. CH 3 . or CHfiH, 

In the above definition, alkyl groups containing 3 or more carbon atoms may be straight or 
branched chain. Halo means fluoro. chloro. bromooriodo. Alpha- branched means that the carbon 
1 5 attached to the C- 13 position is a secondary carbon atom linked to two further carbon atoms, the 
remainder of the alkyl chain may be straight or branched chain. " 

Preferred compounds of formula l are those wherein R 3 -R s . R 7 . r,. and R w are CH 3 . and R, 
is isopropyl or sec-butyl. 2-buten-2-yl. 2-penten-2-yl. or 4-methyl-2-penten-2-yJ optionally 
substituted by one or more hydroxy! groups. Also preferred are compounds of formula 1 wherein 
20 R 3 -R 5 . R 7 . Rb , and R tt areCH,. and R, isC 3 -C 9 cycloalkylorcycloaJkenyl. which may optionally be 
stibstitixtedbyoneormorehydroxylgroupsoroneormoreC,-C 4 alkyl groups. In a further group 
of preferred compounds. R, is a 5 or 6 membered oxygen or sulphur containing heterocyclic ring, 
particularly a 3-thienyl or 3-furyl ring, which may be optionally substituted by one or more hydroxy! 
groups, or one or more C,-C 4 alkyl groups or halogen atoms In another group of preferred 
25 compounds. R, is a C 3 -C. alkylthioalkyl group, partcularly a 1 -methylthioethyl group 

SUBSTITUTE SHEET (RULE 26) 

BNSOOCID; <WO 9801671A2J_> 



r 



WO 98701571 



PCT/GB97/01810 



13 



Other specific embodiments of this invention include compounds of formula Z: 

N(CH 3 ) 2 



HO 




R 8 = Hor I 




CH 3 




R 10 = OH or 



H 3 C OR13 



and to pharmaceutically acceptable salts thereof, wherein: 

R, isH. C,-C. alky.. C,-C„ a.kenyl. C,-C 6 alkynyl. alkoxyalky. or alkylthioaiky. containing from 1 

5 to 6 carbon atoms in each a.kyl or alkoxy group wherein any of said alky., alkoxy . a.keny. or a.kyny. 
groups may be substituted by one or more hydroxy, groups or by one or more halo atoms; or a C,- 
C. cyc.oa.ky. or C^ 8 cyc.oa.keny. either of which may be optionaHy substituted by methy. or one or 
more 0,-0, a»kyl groups or halo atoms; or a 3 to 6 membered oxygen or suiphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and which may optionaHy 

,o be substituted by one or more C,-C 4 alky, groups or hato atoms; or a group of the formula SR M 
wherein R.isC^alW.C^a^ 

substituted phenyl wherein the substltuent is C^aBcyl.C^ alkoxy or halo, or a 3 to 6 membered 
oxygen or su^hur-containing heterocyclic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more (VC, alky, groups or halo 
15 atoms. 

RjisHor OH; R 3 -R 5 are each independently H. CH 3 . or CH^H,; R, is H or OH; and R, is H. 
CH 3 . or CH,CH 3 ; R, is H or desosamine; R, ,s H. CH 3 . or CH ? CH 3 ; R„ is OH. mycarose (R e is H). or 
Cadinose (R„ is CH 3 ). R„ is H; or R. = R„ - O: and R. is K CH, or CH^H,. with the proviso that 
when R,-R s areCH,. R 7 isCH 3 . R,isCH 3 . and R„isCH 3 . then R,.snotH orCalkyf. 
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In the above definition. aJkyl groups containing 3 or more carbon atoms may be straight or 
branched chain. Halo means fluoro. chloro. bromo or iodo. 

Preferred compounds of formula g are those wherein R 3 -R 5 are CH 3 , R 7 is CH 3 . R 0 is CH 3 , 
and R* is CH 3 , and R, is SR 14 wherein R M is methyl or ethyl. In another group of preferred 
5 compounds. R, is methyl, isopropyf, or sec-butyl, which may be substituted by one or more 
hydroxyl groups. In a further group of preferred compounds. R, is branched C 3 -C B alkyl group 
substituted by one or more hydroxyl groups or one or more halo atoms, particularly 1- 
(trifluoromethyl)ethyl. 

The invention also relates to a pharmaceutical composition for the treatment of a bacterial 
f> infection or a protozoal infection in a mammal, fish, or bird which comprises a therapeutically 
effective amount of a compound of formula 1 or formula 2. or a pharmaceutical^ acceptable saft 
thereof, and a pharmaceutical^ acceptable carrier. 

The invention also relates to a method of treating a bactenal infection or a protozoal 
infection in a mammal, fish, or bird which comprises administering to said mammal, fish or bird a 
> therapeutically effective amount of a compound of formula 1 or formula 2 or a pharmaceutical^ 
acceptable salt thereof. 

The term "treatment", as used herein, unless otherwise indicated, includes the treatment 
or prevention of a bacteriaJ infection or protozoal infection as provided in the method of the 
present invention 

As used herein, unless otherwise indicated, the terms "bacterial infection(s)" and 
"protozoal infection(s)" include bacterial infections and protozoal infections that occur in mammals, 
fish and birds as well as disorders related to bacterial infections and protozoal infections that may 
be treated or prevented by administering antibiotics such as the compounds of the present 
invention. Such bacterial infections and protozoal infections, and disorders related to such 
infections, include the following: pneumonia, otitis media, sinusitus. bronchitis, tonsillitis, and 
mastoiditis related to infection by Streptococcus pneumoniae. Haemophilus influenzae, Moraxelia 
catarrtialis. Staphylococcus aureus, or Peptostreptococcus spp.; pharyngitis, rheumatic fever, and 
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g.omeru.onepbb.is re*,* • .nfec^n by «««« <^ C ««""«'■ 

C^md^e.orAc.noba-ue^^ 

in ,ec«on by im- » on*™****. StopHccccus pneumoniae. 

Hsewvus influenzae, or CM***,* pnevnenae: un-m*— -» - - — "«*~ 
, abscesses and os.eomye«is. and puerpera, .ever re,a,ed . by ««»»«- «— 

caagutase-ppsave sw^pcocci (i.e.. S. epHem** S. Xen^. etc.,. S ,rep,oaoacus 
pyw „es. S »*p.ocaccusa g a,ac«ae. S,rep,ococca. W »F 

*dans areptococci. CaryneOaCebun, spp.. « Sartone,,a bansefce. 

„„con, ( . i oa«ePacu,eur i nar y ,ra«,n 1 e ato ns,e l a,ad» in.ec.ion by m«« -P««»— 

intecbon Haemal «H Treponema pa«un,. C/reap-asma 

u^un,. ar «e*ert,a gonorrbeaa. to»n d,seases ,e,a<ed ,o in«ecbpn by S. aureus flood 
„oison»g and Tax* sdocK syndrpme,. o. Groups A. B. and C suep,pcecci: ulcers rented ,o 
M, py fMWXr P**. system^ .ebnie syndromes re,a.ed . in-ecbon oy 3arte»a 
15 Lyme disease ,e,a,ed » in.ec.ipn Py Purpart: cc^aMas. * a ^ 

dacrccysbbs reia»d «, ,n.ec«on by C^a-nyd* <racdama»s. N e*sena ganarrboeae. S. aureu* S. 
_ae. S. pyogenes. H -uenaae. „ Usrarra spp, dissem,na.ed M^Pac-e^a, av*,m 
campiex <MAC) disease related » in.ec.on py Mycobacterium a«am. or Mycobacrenum 

sbep<ococci: persiaen. cough reia,ed ,o Needed by Serosa pertussis, gas gangrene reUXed ,o 
I**, by Oosbrdium pertrtngenso, SaCrpOes app, and arnenasc^rasis ,.,-ed » in-ecbon 
by He*»Pac,er pyfcb or OM* Pneumoraae. Bapteda, Necbons and pro^oa. ,n«ec«ons and 
disc^sreia^ttsucnin.ep^ma.rr.yb.^Prpr^^in^indude^ 

,5 .ai^g: bavine res*ra,ary d,sease re,a,ed ,o in.ec.ion by P. beam.. P. mu»ac*a. Miasma 
daws o, ****** spp : cew en,enc -bsease rete.ed » ,n.ecbpn by £ coiipr pro.c*oa M~ 
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uberis. Strep, agalactiae. Strep, dysgalactiae. Klebsiella spp.. Corynebactenum. or Enterococcus 
spp; swine respiratory disease related to infection by A. pleuro.. P multocida. or Mycoplasma 
spp. ; swine enteric disease related to infection by E coll. Lawsonia .ntracetlularis. Salmonella, or 
Serpulina hyodyisinteriae: cow footrot related to infection by Fusobacterium spp. ; cow metritis 
5 related to infection by E colt, cow hairy warts related to infection by Fusobacterium necrophorum 
or Bacteroides nodosus: cow pink-eye related to infection by Moraxella bovis: cow premature 
abortion related to infection by protozoa (i.e. neosporium); urinary tract infection in dogs and cats 
related to infection by £ coli, skin and soft tissue infections .n dogs and cats related to infection by 
Staph, epidermidis. Staph, intermedius. coagulase neg. Staph or P. multocida: and dental or 
1 0 mouth infections in dogs and cats related to infection by Alcaligenes spp. . Bacteroides spp. . 
Clostridium spp. Enterobacter spp., Eubacterium. Peptostreptococcus. Porphyromonas. or 
Prevoteila. Other bacterial infections and protozoal infections and disorders related to such 
infections that may be treated or prevented in accord with the method of the present invention are 
referred to in J. P. Sanford et al.. "The Sanford Guide To Antimicrobial Therapy." 26th Edition. 
15 (Antimicrobial Therapy. Inc.. 1996). It is also becoming increasingly apparent that compounds of 
this invention can have considerable utility in the treatment of disease states (e.g.. cancer. AIDS, 
and atherosclerosis) not normally associated with bacterial or protozoal infections. 

When used to treat a bacterial infection or a disorder related to a bacterial infection or 
cancer in a mammal, such as a human, or a fish, or bird, a compound of formula 1 or formula g can 
be administered alone or in the form of a pharmaceutical composition comprising the compound 
and a pharmaceuticalfy acceptable diluent or carrier Such compositions can be administered 
orally, for example, as tablets or capsules, or parenteral*, which includes subcutaneous and 
intramuscular injection. The compounds of formula 1 or formula 2 may also be administered rectally 
such as through application of a suppository. The pharmaceutically acceptable carrier will depend 
on the intended mode of administration. For example, lactose, sodium citrate, and salts of 
phosphoric acid, together wrth disintegrating agents (such as starch) and lubricating agents (such 
as magnesium stearate. sodium laurel sulfate, and talc) can be used as the pharmaceutically 
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icceptab.e carrier in tablets. Also, tor use in capsules, usefu. pharmaceutical^ acceptable carriers 
are lactose and high molecular weight polyethylene glycols (e.g.. having molecular weights from 
2.000 to 4.000). For parenteral use. sterile solutions, or suspensions can be prepared wherein 
the pharmaceutical acceptable earner is aqueous (e.g.. water, isotonic saline, or isotonic 
dextrose) or non-aqueous (e.g.. fatty oils of vegetable origin such as cottonseed or peanut oil. of 
polyols such as glycerol or propylene glycol). 

When used in vivo to treat a bacterial infection or orders related to a bacterial infection in a 
mammalian subject, or for treatment of various cancers in humans, (in particular non-small cel. lung 
cancer) and other mammals such as dogs, either orally or parenteral*, the usual dai* dosage will be 
in the range from 0 1 -100 mg/Xg of body weight, especially 0.5-25 mg/kg of body weight, in sing.e 
or divided doses. 

The phrase -pharmaceuticaJy acceptable salt(sr. asused herein, unlessothenwise 
indeed, incudes sattsof acidicor basrc groups which may be present in the compounds of the 
present invention. The compounds of the present inventbn thatare basic innature are capableof 
forming awide variety of salts with various horgamcand organicacids The acidsthat may beused to 
prepare pharmaceuticalfy acceptable acid addition saltsof such basic compounds of are those th^ 
form non-toxic a* addrtbn salts, i.e. . sate containing pharmacotogicatlyacceptabfe anions, such as 
the hydrochloride, hydrobomide. hydroiodide. nitrate, a* ate. bisurfate. phosphate, acid 
phosphate, isoncotmate. acetate, tetate. satiate. citrate, acid citrate, tartrate, pantothenate, 
brtartate. ascorbate. succinate, ma-eate. gentisinate.fumarate. gluconate, glucaronae. saccharate. 
formate, benzoate. glutamate. methanesutfonate. ethanesuHonate. benzenesufonate. p- 
toluenesulfonateand pamoate (i.e.. 1 .r-methy.ene-bis-^-hydroxy^-naphthoa'e)] salts 

Thosecompoundsof the present invention thatare acidicin natureare capable of forming 
base salts with various pharmacotogcaHy acceptable cations. Examples of such sattsinclude tne 
alkalimeta. ora.ka.ine earth metalsarts and particubrty. thecateium. magnesium, sodium and 
potasaum sattsof the compounds of the present invention. 
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Certah compounds of the present in\ention may have asymmetric centers and therefore 
exist in different enantiomeric anddiastereonric forms. This invention relies to the use of a! optical 
isomers and steieoisomersof thecorrpoundsofthe present invention, and mixtures thereof, and to 
aJI pharmaceutical compositions and methods of treatmentthat may employ orcontain them. 

The present invention inciides the compounds of the present invention, and the 
pharmaceutical^ acceptable salts thereof . wherein one or more hydrogen, caibon or other atoms ae 
replaced by isotopes thereof. Such compoundsmay be useful as research and diagnostictools in 
metabolism pharmacokinetic studies and in binding assays 

Compounds of the present hvention are produced by fermentation of an untransformed or 
transformed organism capable of producing erythromycins, including but not fmited to 
Saccharppolyspoia species. Streptomycesgriseoplanus. Nocardiasp.. Micromonosporasp.. 
Arthobactersp-.andStreptomycesantibioticus, but excluding S. ooelrcolor. Particutartysuteblein 
this regard are untransformed and transformed strains of Saccharopolysporaerythraea for example 
NRRL 2338, 1 8643. 21 484. Particularly preferred transformed strains are those in which the 
erythromycin loading modute has been replaced with the bading module from the avermectin 
producer. Streptomycesaveimitilis.orthe rapamycin producer, Streptomyceshygroscopcus. The 
preferred method of produang compounds of the current hvention is by fermentation of the 
appropriate organism in the presenceof the appropriate cartooxytic acid of the formulaRICOOH. 
whereh R1 is as previously defined in formulae 1 or £, orasalt. ester (pfirticularty preferable being the 
N-acetylcysteamhe thioester). or amide thereof or oxidstive precursor thereof. The aad or derivative 
thereof is added to the fermentation either atthe timeof inoculation or at intervaJsduring the 
fermentation. Productionof theconpoundsofthisinventten may be monitored by removing 
samples from the fermentation , extracting with an organic solventand following the appearance of 
the compounds of this invention by chromatography, for example ushg high pressure liquid 
chromaography Incubation isconthued untilthe yield of the compound of formulae lor 2 has 
been maximised, generallyfor a pert>d of 4 to todays. A preferred level of each addition of the 
carboxylic acid or derivative thereof is between 0.05 and 4.0 g/L. The best yields of the compounds 
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,rom formulae lor 2 are genera.* by gradual* adding the acid orderivative to the fermentation, for 
exampte by dailyaddition over apenod of se^rat days. The medum used forthe fermentation may 
be aoonventiona=comp.exmediumcomaining assimitable sources of carbon, nitrogen and trace 

elements 

The suitable and preferred means of growing the untransformed and genetically- 
eng.neered erythromyan-producing cells, and suitable and preferred means for the isolation. 
identif.cat.on. and practical utility of the compounds of formulae l and Z are described more fulty in 
the Examples. 

Pr1P f po^nptinn of thft Oawlnas 
Some embedments of the .nvenfon will now be described with reference to the 
accompanying drawings in which 

Figure 1 gives the chemical formulae of three known polyketides; 

Figure 2a is a diagram showing the functions of 6-deoxyerythrono.kfe synthase B (DEBS), a PKS 
producing 6-deoxyerythronolide B (6-DEB). a precursor of erythromycin A. 
Figure 2b shows P ost-PKS b.osynthesis of erythromycins deluding the conversion of 6-DEB to 
erythromycin A; 

Figures 3a and 3b_ are diagrams showing the construction of plasmid P «G1 ; 

Figures 4a. 4b. and 4c are d.agrams showing the construction of plasmid pND30. 

Figure 5 is a diagram showing the construction of plasmid pAVLD; 

F.gure 6 shows the integration of pAVLD into the genome of S. erythraea NRRL2338. 

Figure 7 is a diagram showing the biosynthesis of rapamycin. 

Figure 8 is a diagram showing the construction of plasmid pM06. 

Figure 9 is a diagram showing the construction of plasmid pCJR26. 

Figure 10 is a diagram showing the construction of ptasmkJ pC-ATX. 
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Figure 1 1 is a diagram showing the construction of plasmid PC-AT12 
Figure 12 is a diagram showing the construction of pfasmid pCJR49. 



5 Detailed Description nf t he Invention 

The wide range of starter units accepted by the avr loading module has been 
comprehensively established in previous stud.es (for example European Patent Applications 0 
214 731. 0 350 187. 0 317 148 which are incorporated herein in their entirety). Consequently, it 
should be understood that the invention is not limrted to the specific detail of these examples and they 
10 simply serve to confirm the effectiveness of the a* toad,ng module Furthermore, the examples 
using the pldor pND30 construct clearly demonstrate the capability of the adi promoter and rts 
cognate activator gene actll-orf4 to ehance the express.cn of the novel compounds of this 
invention when linked to the avr toading module. It is also apparent from the examples that 
untransformed strains of Saccharopolyspora erythraea are also readily capable of taking up 
5 exogenousfy-supplied substrates to generate novel erythromycin polyketides. Consequently, it is 
also apparent to those skilled in the art that specific novel compounds of this inventton can be 
readily produced by selection of the appropriate erythromycin producing strain (optionally 
incorporating the pIGl or pND30 plasmid into the desired strain), and supplementing the 
fermentation with the appropriate starter unit. Thus. 6-deoxyerythromydn and 6.12- 
) dideoxyerythromycin derivatives of the present invention can be readily produced using 

Saccharopolyspora erythraea NRRL 18643 or NRRL 21484 as indicated in U.S. 5.141.926 and 
WO 97/06266. Similarly, use of the Saccharopolyspora erythraea strains described by Weber et al. 
in J. Bacterid.. 164:425^.33. 1991 can also be employed to obtain the desired novel analogues of 
the present rnvention. For example, strain UW24 can be used (optionally transformed by pIGl or 
PND30) to obtain novel analogues of erythronolide B 

UV spectra were recorded using a Hewlett-Packard 1090M diode-array 
spectrophotometer. All NMR spectra were measured in COCI 3 by a Vanan Unrty 500 MHz 
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spectrometer un.ess otherwise indicated and peak positions are expressed in parts per miliion 
(ppm) downfield from tetramethysilane. The peak shapes are denoted as follows: s. singlet; d. 
doublet: t. triplet; q. quartet; m. multiplet; br. broad. The atom number shown in the NMR 
structures is not representative of standard nomenclature, but correlates NMR data to that 
particular example. HPLC-MS data was acquired using a Hewlett-Packard 1090M liquid 
chromatograph interfaced to a VG Platform II mass spectrometer equipped with an APCI source 
(method A) or using a Hewtett-Packard 1050 liquid chromatograph interfaced to a VG Platform I. 
mass spectrometer equipped with an APCI source (method B and method C). 



10 



15 



HPLC method A . 

Column 
Flow 

Mobile phase 



Beckman Ultrasphere 5nm ODS 4 mm x 25 cm 
0 85mL/min 

Gradient: acetonitrile.0.05 M ammonium acetate (28:72) 
to acetonitrile:0.05 M ammonium acetate (50:50) over 22 
minutes, maintain acetonitrile:0.05 M ammonium acetate 
(50:50) 22-25 minutes: return to initial conditions 25-30 
minutes. 



20 



HPI C method B: 



Column 
Flow 

Mobile phase 



MetaChem Inertsil 5 vim C8 3 mm x 1 50 mm 
0.5mL/min 

Isocratic. methanol:0.05 M ammonium acetate with 0.1 % 
trif luoroacetic acid (60:40) 



25 HPi r: method C: 

Column 



Waters Symmetry 5^m C1 8 2. 1 mm x 150 mm 
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Row 0.22mUmin 

Mobile phase Gradient: acetonitrile.0.05 M ammonium acetate (30:70) 

to acetonrtrife:0.05 M ammonium acetate (50:50) over 30 
minutes. 

5 

Use is made of the following media and solutions: 
Sucrose-Succinate Defined Medium 



sucrose 69 g 

KN0 3 10 9 

10 succinic acid 2.36 g 

KH 2 P0 4 2.7 g 

MgS0 4 .7H 2 O 1.2 g 

ZnCf 2 1 0 mg 

Mna 2 4H 2 0 6.2 g 

15 CuCl 2 .2H 2 0 0.53 mg 

CoCI 2 0.55 mg 

FeSO 4 .7H 2 0 2.5 mg 

Caa 2 .2H 2 0 38 mg 

milJi-Q water to 1.0 L 

20 KOH to pH 6-6.4 

Tap water m^iyim 

glucose 5 g 

tryptone 5 g 

yeast extract 2.5 g 

2 * EOT A 36 mg 
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tap water to 1.0 L 

KOH topH7.1 

FRY-P medium 

5 dextrose 50g/L 

Nutrisoy™ flour 30g/L 

(NH4)2S04 3 9 /L 

NaCl 5g/L 

CaC03 6 
Ki pH adjusted to 7.0 

Nutrisoy™ flour is purchased from British Arkady Group. Skerton Road. 
Manchester. UK. 

, 5 The present invention is illustrated by the following examples. 

Fxamnle 1a - Construction of Plasmid DlG1 

Plasmid pIGl consists of an SCP2*-derived plasmid containing a hybrid Type I PKS gene 
comprising the avr loading module in place of the ery loading "module, the first two extension 
modules of the ery PKS and the thioesterase of the ery PKS. This is constructed via several 

20 intermediate plasmids as follows (Figure 3). 

(i) Construction of P lasmid DVE3.4 
Plasmid pVE1 446 which contains a portion of the avermectin (avr) PKS genes was obtained from 
E. coli strain ATCC 68250 (MacNei!. D J. et al. Ann. N. Y Acad. Sci (1994) 721 .123-132). Plasmid 
PVE1446 was digested with BamHl and the 7.6 kbp fragment between coordinates 32.15 and 

25 3.40 (MacNeil. D J et al Ann. N. Y Acad. Sci. (1994) 721 :123-132) was purified by gel 

electrophoresis and recircularised The mixture contained the desired plasmid pVE3.4 which was 
isolated after transformation of E. coli strain TGIrecO (constructed by Dr. P Oliver. Dept. of 
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Genetics. U. Cambridge; Kolodner. R. et af. J. Bacterid. (1985) 163 1060-1066; T Gibson. Ph.D. 
Thesis. U. Cambridge, 1985. 

(ii) Construction of plasmid DNCQ12 

Plasmid pBK25 (Bevitt, D. J. et al. Eur. J. Biochem. (1992) 204:39-49) was digested with Ncol and 
5 the 12 kbp fragment was end-repaired and ligated into plasmid pUCl8 which had been linearised 
with Smal. The ligation mixture was transformed into E. coli TG1 recO and individual colonies were 
checked for their plasmid content. The desired plasmid pNC012 was identified by its restriction 
pattern. 

(iii) Construction of Plasmid pCRabc 

l() Plasmid pCRabc (Figure 3) was constructed as follows Three separate PCR reactions were 
conducted: First. 20 pmol each of synthetic oligonucleotides A1 (5'-CTC GTC GGT GGC TTT 
GOG-3') and A2 (5'-CCC GGG AAA AAC GAA GAC TAG TGG CGC GGA CGG CCG-3') were used to 
amplify a 1 .0 kbp product from 100 ng pNCOl 2 template The PCR product was end-repajred. 
phosphorylated and cloned into Smal-cut pUC18 to obtain plasmid pCRa. Secondly, 20 pmol each 
15 of synthetic oligonucleotides C1 (5'-CACGCGCAGCGCGGCGGA-3') and C2 (5*-CGAA CCG CTA 
GCG GTC GTC GCG ATG GCC T-3') were used to amplify a 1.5 kbp product from 100 ng pNC012 
template. The product was end-repaired, phosphorylated and cloned into Smal-cut pUCl8 to 
obtain plasmid pCRc. Thirdly, 20 pmol each of synthetic oligonucleotides B1 
(5'<3TGGCCCX3GCCX3TCra I I I I -3') and B2 (S'-AAC 

20 AGCTAGCGGTTCGTCXXXXX3CTGCXX3TGCC-3') were used to amplify a 1 .4 kbp product from 100 
ng pVE3.4 template. The product was end-repaired, phosphorylated and cloned into Smal-cut 
PUC18 to obtain plasmid pCRb. 

Plasmid pCRa was digested with Hindlll and Spel and the 1 .0 kbp insert was ligated with 
plasmid pCRb previously digested with Hindlll and Spel. to obtain plasmid pCRab. Plasmid pCRc 
25 was digested with Nhel and EcoR 1 and the 1 5 kbp insert was ligated with plasmid pCRab 
previously digested with Nhel and EcoR1 to obtain plasmid pCRabc 
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<iv/) rv.n g tnigtton o f Plasmid dNEWAVETE 
Plasmid pCRabc was digested with MM and Sfil and the DNA fragment containing the loading 
domain of the avr PKS was purified by ge. electrophoresis and figated with p»asmid P NTEP2 which 
had been digested with MM and Sfil and the larger fragment purified by gel electrophoresis. The 
nation mixture was transformed into E. coli TG1 recO and individua. co.onies were checked for 
their plasmid content. The desired p.asmid pNEWAVETE (13.7 kbp) was identified by its 

restriction pattern. 

A/1 construction nf Plasm ltl DRM52 
Plasmid pRM52 is a derivative of plasmid pRM5 (McDaniel. R. et al. Science. (1993) 
262:1 546-1550). pRMSwasfirst lineansed by digestion with Ndel. end-repa,red and then 
related to produce P RM51 . pRM51 was cut w«h Pad and Nsi. and the .arge Pac.-Nsi. fragment 
was isolated and .igated to a short double-stranded oligonuc.eotide .inker containing an Ndel s*e 
and constructed from the synthetic oligonucleotides 5'-TAAGGAGGACACATATGCA-3' and 
5--TAATTCCTCCTGTGTAT-3- which were annealed together. The ligation mixture was 
transformed into E. coli TG.recO and iso,ated colonies were screened tor their plasmid content. 
The desired plasm* (19.6 kbp) was identified by Ks restriction map and was designated pRM52. 

(vi)CQQgQlStion nf Plasmid pIGI 
Plasmid pNEWAVETE was digested with Ndel and Xba. and the insert was purified by 
segmentation on a sucrose gradient. The purified insert was ligated into plasmid pRM52 (19.6 
kb p) which had been d,gested with Nde. and Xba.. and the vector purified by sedimentation on a 
sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies were 
checked for their plasmid content The desired plasmid p.G1 was identified by its restriction 
pattern. 

crvs ^pift ih - Constru ^ nn nf Plasmid oNP30 

Plasmid P ND30 consists of an SCP2^erived p>asm.d containing a hybrid Type I PKS 
gene comprising the avr loading module in place of the ery loading module, the first two extension 
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modules of the ery PKS and the thioesterase of the ery PKS. This is constructed via several 
intermediate plasmids as follows (Figure 4). 

(i) Construction of the Recombinant V ector nCinin-f 
PCJR101 (Figure 4) is a shuttle plasmid constructed to be used for expression of PKS genes in 
5 actinomycetes. It incfudes a ColEi replicon to allow it to replicate in E. coti. an SCP2* low copy 
number Streptomyces replicon (Bibb. M. J. and Hopwood. D. A. J. Gen. Microbiol. (1 981 ) 
1 26:427) and the actll-orf4 activator gene from the act cluster which activates transcription from the 
act promoter during the transition from growth phase to stationary phase in the vegetative 
mycelium. It is constructed as follows: an approximately 970 bp DNA fragment from P MF1015 
>0 (conta,ning the actll orf4 activator gene) (Fernandez-Moreno. M. A. et al. Cell (1991) 66:769-780) is 
amplified by PCR. using as primers the synthetic oligonucleotides: 5-ACT AGT CCA CTG CCT 

CTCGGTAAAATCCAGC-3and5-CTTAAGAGGGGCTCCACCGCGTTCACGGAC-3-. which 
also introduces flanking Spel and Aflll restriction sites. This fragment is cloned into the end- 
repaired AatJI site of plasmid P UC19 to yield plasmid pCJR16. An approximately 215 bp DNA 
15 fragment is amplified from pMV400 which contains the bi-directional promoter pair Pactlll/Pactl) 
(Parro. V. et al. Nud. Acids Res. (1991) 19:2623-2627). using as primers the synthetic 
oligonucleotides 5'- ACA TTC TCT ACQ CCT A AG TGT TCC CCT CCC TGC CTC-3' and S'-GTG ATG 
TATGCT CAT ATGTGT CCT CCT TAATTAATC GAT GCGTTCGTCCGGTG-3'. which also 
introduces flanking Ndel and Aflll sites. The PCR product is digested with Ndel and Aflll and ligated 
with the plasmid pCJRie previously cut with Ndel and Aflll. to generate plasmid pCJRig. A 1.1 kbp 
Hindlll Sphl fragment containing the tsr gene, which confers resistance to thiostrepton. is obtained 
by PCR from plasmid P .J922 (Lydiate. D. J. et al. Gene (1985) 35:223-235) as tempfate. using as 
Primers the oligonucleotides 5 -TG A ACA CCA AGC TTG CCA GAG AGC GAC GAC TTC CCC- 3 - 
and 5 -GAC AGA TTG CAT GCC CTT CG A GGA GTG CCC GCC CGG-3' which also introduces 
25 flanking Hindlll and Sphl srtes. The PCR product is digested with Hindlll and Sphl and ligated with 
plasmid PCJR19 cut with Hindlll and Sphl to obtain plasmid pCJR24 The plasmid plJ922 is 
digested with BamH. and Sstl and the fragment containing a portion of the fertility tocus and the 
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origin of replication (Lydiate. D. J. et a.. Gene (1985) 35:223-235) is ligated into pUC19 digested 
with BamHI and Sstl to generate me b-functiona, plasmid pCJR16 (14.7 kbp). Plasmid pCJR24 is 
digested with Sail and Sphl. the two larger fragments from the digest are purified by gel 
electrophoresis, and combined in a four-component ligation with plasmid P CJR16 which has been 
digested with Xho. and Sph, The ligation mixture ,s used tc transform Streptomyces lividans and 
colonies are se(ected in the presence of thiostrepton. One such colony is shown to contain the 
desired plasmid pCJR101 (approx. 12 4 kbp). identified by its restriction pattern. 

fii) Construction "1 Plasmid oCJR29 
The construction of plasmid pCJR29 is ...ustrated in Figure 4. A 1.1 kbp HindlH-Xho. fragment 
containing the tsr gene, which confers resistance to thiostrepton. is obtained by PGR from p.asmid 
P.J922 as template, using as primers the ohgonudeotides 5 -TG A ACA CCA AGC TTG CCA GAG 
AGCGAC GACTTC CCC-3' and 5-GAC AG ATTCTCG AGC CTT CGAGGA GTG CCC GCC CGG-3' 
which also .ntroduces flanking Hind... and Xho. sKes. The PGR product is digested with Hind.ll and 
Xho, and .igated with p.asm-d pCJRi 6 wh.ch has been digested with Hind... and Xho.. to generate 
p.asmid PCJR25. Plasmid P CJR25 is d.gested with Hind... and Sph. and .igated with plasmid 
PCJR19 which has been digested with Hind.., and Sphl. to produce the desired plasmid pCJR29 
(approx. 12 4 kbp). identified by its restriction pattern. P.asm,d P CJR29 differs from pCJRIOl in 
the orientation of the tsr gene, the act„^rf4 gene and the act,/act,„ promoter, with respect to the 
SCP2* -derived origin of repfication. 

fai^pstnirtionof Plasmid PNP3P 
Plasm,d pNEWAVETE was digested with Nde, and Xba, and the insert was purified by 
sedimentation on a sucrose grad,ent. The purified insert was .igated into plasmid pCJR29 (approx. 
1 2.4 kbp) which had been digested with Nde, and Xbal. and the vector purified by sedimentation 
on a sucrose gradient. The ligation m.xture was used to transform E. co,i and indivdua. colomes 
were checked for their plasmid content. The desired plasmid pND30 was identified by its 
restriction pattern. 
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Example 1c - Construction of ni? smid pCJR?fi 

Plasmid pM06 (Figure 8) was first constructed in several steps: 
(i) Construction of plasmid nMOi 

The approximately 1 .3 kbp DMA segment of the eryAI gene of S. erythraea extending from 
5 nucleotide 1948 to nucleotide 3273 of eryAI (Donadio S et a!.. Science (1991) 252. 675-679) 
was amplified by PCR employing as primers synthetic oligonucleotides; 5' -CAT GCT CGA GCT 
CTC CTG GGA AGT-3' and 5'-CAA CCC TOG CCA QQG AAG ACQ AAG ACG G-3'. and plasmid 
pNTEP2 as a template. The PCR product was end-repaired and (.gated with plasmid P UC18. which 
had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
10 ligation mixture was used to transform E.coli TG1 recO and individual colonies were checked for 
their plasmid content. The desired plasmid pMOl (3.9 kbp). in which the Stul site cordering the 
insert is adjacent to the Hindi 1 1 site in the polyfinker. was identified by its restriction pattern, 
(fi) Construction pf plasmid nMOP 

The approximately 0.85 kbp DNA segment of the rapA gene of Streptomyces hygroscopicus. 
15 extending from nucleotide 1 643 to nucleotide 2486 of rapA. was amplified by PCR employing as 
primers the following oligonucleotides: 5-TTC CCT GGC CAG GGG TCG CAG CGT G-3' and 5'-CAC 
CTA GGA CCG COG ACC ACT CGA C-3'. and the DNA from the recombinant bacteriophage X-1 E 
(Schwecke. T. et al.. Proc. Natl. Acad. Sci. USA (1995) 92.7839-7843) as the template. PCR 
product was end-repaired and ligated with plasmid P UC18. which had been linearised by digestion 
20 with Smal and then treated with alkaline phosphatase. The ligation mixture was used to transform 
E. coli TGI recO and individual colonies were checked for their plasmid content. The desired 
plasmid pM02 (3.5 kbp) was identified by its restriction pattern 

(»') Constructi on of n ig ymid oMQ3 
The approximately 1 7 kbp DNA segment of the eryAI gene of S.erythraea extending from 
25 nucleotide 4128 to nucleotide 5928 of eryAI. was ampltfied by PCR employing as pnmers the 

synthetic oligonucleotides: 5--TGG CCA GGG AGT GGG TGC ACC TAG GCA-3' and 5'-GCC GAC 
AGC GAG TCG ACG CCG AGT T-3\ and plasmid pNTEP2 as template. The PCR product was end- 
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repaired and .igated with p.asm.d pUCiS, which had been .inearised by digestion withSma. and 
men treated with alkaline phosphatase. The ligation mixture was used to transform E. coH TQ1 
rec0 and individua. colonies were checked tor their plasmid content. The desired plasmid pMOS 
( 4.4kbp).in which Ba,l and AvrH sites are adjacent to the Hind... sited the poiylinker. was identified 

by its restriction pattern. 

{^Construction ftf tfaSPid pMQ4 
P,asm,d P MOi was digested with Hind... and Bat. and the 1 .3 kbp insert was iigated with p.asmid 
P M03whichhadbeend^estedwithHind.nandBa... The ligation mixture was used to transform E. 
co.i TG1 recO and individual colonies were checked for their plasmid content. The desired plasm* 
pM04 (5.6 kbp) was identified by its restriction pattern. 

(v^ Construct or) nf plasmid pMQ5 
P,as™d p«04 was digestad wi<h S.U. and me 3.0 Kbp insert was ,K,a<ad with plasmid PNTEP2 
which had baan dfcas.ad w,,h SU,, and puhliad By ga, a,acopho,as,s.o .amova .ha 3.6 Khp 
insan. The,iga»onm i »u,awas M ns.onaadin K ,E.coliTGl racO and individua. eniomaswara 
cnacKad .or ma, p.aam,d con.an<. Tha piasmid pMOS (1 2.6 Kbp, was ttrtM by »s ras.nc.ipn 
pattern. 

Rasmid pM02 was digested with Ball and AvrH and the insert was Iigated with plasmid pMOS which 
had beendigestedwith Ball and AvrH. The ligation mixture was used to transform E.coli TG1 recO 
and individua. colonies were checked for their plasmid content. The desired plasmid pMD6 (13.5 
kbp) was identified by its restriction pattern. 

WC^r^^n nf nlasmid PCJR26 
Rasmid PCJR26 is an SCP2* based plasmid centring a PKS gene comprising the ery loading 
module, the first and second extension modules of the ery PKS and the ery chain-term.nating 
thioesterase. except that the DNA segment encoding the methy.ma.ony.-Co A :ACP 
acy.tr ansferase within the first extension moduie has been specifica..y substituted by the DNA 
e ncc*inathema,on^^ .t was constructed as 
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follows (Figure 9): p,asmid pMD6 was digested with Nde, and Xba. and the insert was ligated wrth 
p.asm.d PCJR24. which had been d,gested with Nde, and Xba, and purified by ge. e.ectrophoresis. 
The tigation mixture was transformed into E.coli TG1 recO and individual colonies were checked for 
their plasmid content The desred p.asmid pCJR26 was identified by its restriction pattern. 

5 

Example 1d - Construction of - erythraea ■ \C?,*C, IR2fi ^ nr^,^ orno ttmritmHt fmm 
P/asmid pCJR26 was used to transform S.erythraea JC2 protoplasts. Thiostrepton 
resistant colonies were se.ected on R2T20 medium containing 10 „g/rn. of thiostrepton Several 
clones were tested for the presence of pCJR26 integrated into the chromosome by Southern blot 
io hybridisation of their genomic DNA with DIG-Iabefled DEBS1 -TE gene. 

A Cone with an integrated copy of pCJR26 was grown in SSM medium, containing 5 „g/mi 
of thiostrepton and atlowed to grow for seven days at 28-30<C After this time the broth was filtered 
to remove myceiia and the pH was adjusted to pH 3 The broth was extracted twice with two 
volumes of ethyi acetate and the combined ethyl acetate extracts were washed with an equal 
5 volume of saturated sodium chloride, dried over anhydrous sodium sulfate, and the ethyl acetate 
was removed under reduced pressure, to give about 500 mg of crude product The products were 
shown to be (2S. 3R. 5R)-2-methyl-3.5-dihydroxy-n-hexanoic acid ft-lactone and (2S. 3R. 5R)- 2 - 
methyl-3.5-dihydroxy-n-heptanoic acid ft -lactone: 



20 




OH 




Example 1e • Construction of S prvth raea NR RI ?3 38/DCIR?fi a nri it s use in nronnrti™ n , n. 
members macrolifteQ 
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Approximately 5 mg pCJR49 DNA was used to transform S erythraea NRRL2338 
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated in module 2 of EryAI to give a novel macrolide biosyntheticpathway. 
Further integrations had occurred to give repeated plasmid sequences. S erythraea NRRL 2338 
/pCJR49 was inoculated into tryptic soy broth containing 5mg/ml thiostrepton and incubated at 
30»C for three days 100 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium contain.ng 5mg/ mL thiostrepton in 5 x 2 L flasks each containing 500mL medium 
with 2 springs to aid dispersion and shaken at 300 rpm. After a further 5 days of growth the 
cultures were centrrfuged and the pH of the supernatant adjusted to pH 9. The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC/MS and two macrolides were identified as the 
erythromycin analogues: 



15 





Example If - Construction of plasm id dC-ATX 
20 Plasmid pC-ATX is an SCP2* based plasmid containing a PKS gene comprising the ery 

loading module, the first and second extension modules of the ery PKS and the erv chain- 
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terminating tb,oesterase. except that the ONA segment encoding the methy.mafonyf-CoA.ACP 
acyltransferase within the first extension modu.e has been specifically substituted by the DMA 
encoding the matonyl-CoA.ACP transferase from a putative type I PKS gene cluster cloned 
from Streptomyces cinnamonensis ATCC 14513 (producer of the po.yether polyketide 
5 monensm) « was constructed via several intermediate plasmds as follows (Figure 10) 
(i) Isolation nf ^^iw r o/-^ fn -> 

Genomic library of Streptomyces cinnamonensis ATCC 14513 (the monensin producer, was 
constructed from slZe fractioned 35 - 45 kbp Sau3A fragments of chromosomal ONA ligated into 
BamHH.nearised and alkaline phosphatase- treated cosm.d vector pWEl 5. The ligation mocture 
IO was packaged ,nto X-particles using G.gapack packag,ng extracts, and transfected into E.coli 
NMlblue. Approximately 600 colonies of the .ibrary were grown on the surface of any.on 
membrane, lysed. and their DNA was crosslmked to the membrane by UV irradiation. The 
membrane was subsequently used for the screening procedure The insert of pMOS compnsing 
the ketosynthase domain from module 2 of DEBS was labelled by random priming in the presence 
15 of *P «ATP and used as a probe for DNA hybridisation The probe was hybridised for I6h at 68«C 
in 4.0XSSC buffer and subsequently washed off for ih at 68<C in o SxSSC buffer Three positive 
clones were .solated. DNA of the inserts of all three clones was end sequenced from T3 and T7 
Priming sites present in the vector pWEl5. A region homologous to type I ketosynthase and 
matonyl-CoArACP acyttransferase domains was discovered in the DNA sequence from the T7 
20 priming site using done 2 (named pSC.N02) as a template. Partial DNA sequencing of the malonyl- 
CoA:ACP acyttransferase domain (named ATX) revealed an unusual sequence motif in the 
putative substrate recognition part of the domain which was S ubstant,a. ly different from previously 
described malonate- or methylmalonate-specific CoAACP acyltransferases (Haydock. S.F. el a. . 
FEBS (1995) 374 246-248) 
25 (ii) Construction nl pi^em. q pMOflft 

The approximately 0 9 kbp DNA segment of the ATX doma,n was amplified by PGR emptoymg as 
pnmersthe fol.ow.ng oligonucleotides 5* -CTG GCC AGG GCG CGC A AT GGC CG A GCA T-3' and 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9801571A2J_> 



WO 98/01571 



33 



PCT/GB97/01810 



5 f -CCC TAG GAG TCG CCG GCA GTC CAG CGC GGC GCC C-3' using the DNA from the cosmid 
pSCIN02 as the template. The PCR product was end-repaired and ligated with plasmid pUC18. 
which had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
ligation mixture was used to transform E coli TGI recO and individual colonies were checked for 
5 their plasmid content The desired plasmid pM038 (3.5 kbp) was identified by its restriction 
pattern 

(iii) Construction of plasmid oMQ34 
Plasmid pM034 is a derivative of pM06 with a polycloning site inserted after the stop codon of the 
inserted D1 -AT2 gene. Plasmid pM06 was digested with EcoRI and Hindlll and annealed with two 

10 oligonucleotides forming the double-stranded region of the polycloning site: 5'-AAT TCA TAA 
CTA GTA GGA GGT CTG GCC ATC TAG A-3' and 5-TCG AAG ATC TAC CGG TCT GG A GGA TG A 
TCA ATA C-3\ The mixture was ligated and transformed into E. coli TGI recO Individual colonies 
were checked for their plasmid content. The desired plasmid pM034 (13.5 kbp) was identified by 
its restriction pattern. 

15 (iv) Construction of plasmid oMQ35 

Plasmid pM035 is a derivative of pM034 containing TKLS-AT2 gene and a translationally coupled 
crotonyl-CoA-reductase gene from Streptomyces collinus (Wallace et al. v E. J. Biochem (1995) 
233: 954-962). The crotonyl-CoA-reductase gene was excised from the plasmid pZYB3 (the gift of 
Prof. K. Reynolds) as an Ndel - BamHl fragment, which was treated with mung bean nuclease to 

20 produce blunt ends and ligated into pM034 previously cut with Spel and likewise blunt-ended 
using mung bean nuclease. The ligation mixture was used to transform E. coli TG1 recO and 
individual colonies were checked for their plasmid content The desired plasmid pM035 (14 .2 
kbp). with the correct orientation of the crotonyl-CoA-ketoreductase gene, was identified by its 
restriction pattern. 

25 M Construction of plasm id PMQ36 

Plasmid pM038 was digested with Ball and Avrll and the insert was ligated with plasmid pM035 
which had been diaested with Ball and Avrll The Ikjation mixture was used to trantform F noli TG1 
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recO and individual colonies were checked ton their plasmid content. The desired plasmid pM036 
(13 5 kbp) was identified by its restriction pattern. 

(vHConstnictinn nf nfrftm'H ^.atv 
Plasmid pM036 was digested with Ndel and Xbal and the insert was ligated with plasmid pCJR29, 
which had been digested with Ndel and Xbal and purified by gel electrophoresis. The ligation 
mixture was transformed into E.coli TG1 recO and individual colonies were checked for their 
plasmid content. The desired plasmid pC-ATX was identified by its restriction pattern. 

Example iq - Cpn^nirtipn of S ervthraea JC2/nCA T X and production of TKL derivative 
Plasmid pC-ATX was used to transform S.erythraea JC2 protoplasts. Thiostrepton 
resistant colonies were selected on R2T20 medium containing 1 0 //g/ml of thiostrepton. Several 
clones were tested tor presence of pC-ATX integrated into the chromosome by Southern blot 
hybridisation of their genomic DNA with DIG-labelled DNA encoding the DEBS1-TE gene. 

A clone with an integrated copy of pC-ATX was grown in SSM medium, containing 5 j/g/ml 
1 5 of thiostrepton. and allowed to grow for seven days at 26-30<C. After this time the broth was 
filtered to remove mycelia and the pH adjusted to pH 3. The broth was extracted twice with two 
volumes of ethyl acetate and the combined ethyl acetate extracts were washed with an equal 
volume of saturated sodium chloride, dried over anhydrous sodium sulfate, and the ethyl acetate 
was removed under reduced pressure, to give about 500 mg of crude product. The products were 
characterised by gas chromatography, mass spectrometry and NMR. and were shown to be (2S. 
3R. 4S. 5R)-2-methyl-4-ethyl-3.5-dihydroxy-n-hexanoic acid 6-lactone and (2S. 3R. 4S. 5R)-2- 
methyl-4-ethyl-3.5-dihydroxy-n-heptanoic acid 6-lactone: 



20 
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Fv a mnlP 1h - Construction nf § grvthraea N RR I ?33B / p C-ATX and its use .n productipn of 14- 
mpmhered macrolides 

Approximately 5mg pC-ATX DNA was used to transform S. erythraea NRRL 2338 

5 protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
coion.es. total DNA was obtained and analysed by Southern hybrid.sation to confirm that the 
plasmid has .ntegrated in module 2 of EryAI to give a novel macrolide biosyntnetic pathway. 
Further .ntegrations had occurred to g.ve repeated plasmid sequences S erythraea NRRL 2338 
/pC-ATX was inoculated into trypnc soy broth containing 5 mg/mL thiostrepton and incubated at 

Ki 30-C for three days. 1 00 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5 mg/mL thiostrepton in 5 x 2 L flasks each containing 500 mL medium 
with 2 springs to aid dispersion and shaken at 300 rpm After a further 5 days of growth the 
cultures were centrituged and the pH of the supernatant adjusted to pH 9 The supernatant was 
then extracted three t.mes with an equal volume of ethyl acetate and the solvent removed by 

,5 evaporation. Products were analysed by HPLC-MS and two macrolide products were identified: 




OH 
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Example 1i- Construction of pl asmid pC-AT1? 

Plasmid pC-ATl2 is an SCP2* based plasmid containing a PKS gene comprising the ery 
loading module, the first and second extension modules of the ery PKS and the ery chain- 
5 terminating thioesterase. except that the DNA segment encoding the methylmalonyl-CoA:ACP 
acyltransferase within the second extension module has been specifically substituted by the DNA 
encoding the malonyl-CoA:ACP acyltransferase of module 2 of the rap PKS. It was constructed via 
several intermediate plasmids as follows (Figure 1 1 ) 
(i) Construct ion of plasmid oMQ25 
10 The approximately 1 .0 kbp DNA segment of the eryAl gene of S erythraea extending from 

nucleotide 6696 to nucleotide 7707 of eryAl (Donadio. S. et al.. Science (1991) 252. 675-679) 
was amplified by PCR employing as primers synthetic oligonucleotides: 5'-GGCGGGTCCGGA 
GGTGTTCACCGAGTT-3'and 5' - ACC TTG GCC AGG GAA G AC G AA CAC TGA-3'. and plasmid 
pNTEp2 as atemplate. The PCR product was end-repaired and ligated with plasmid pUCie. which 
15 had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
ligation mixture was used to transform E.coli TG 1 recO and individual colonies were checked for 
their plasmid content. The desired plasmid pM025 (3.6 kbp). in which the Stul site bordering the 
insert is adjacent to the Hindlll site in the poJylinker. was identified by its restriction pattern. 
(ii)Construction of plasm* pMppp 

20 The approximately 0.6 kbp DNA segment of the eryAl gene of S. erythraea extending from 
nucleotide 8660 to nucleotide 9258 of eryAl. was amplified by PCR employing as primers the 
synthetic oligonucleotides: 5'-TCC TAG GCC GGG CCG GAC TGG TCG ACC TGC CGG GTT-3' and 
5'-AAA CAC CGC GAC CTG GTC CTC CG A GC-3' . and plasmid pNTEP2 as template. The PCR 
product was end-repaired and ligated with plasmid PUC18. which had been linearised by digestion 

25 with Smal and then treated with alkaline phosphatase. The ligation mixture was used to transform 
E. coli TG 1 recO and individual colonies were checked for their plasmid content The desired 



SUBSTITUTE SHEET (RULE 26) 



{ BNSOOCID*. <WO 9801S71A2J_> 



WO 98/01571 



37 



PCT/GB9770181© 



plasmid pM026(3.2 kbp), in which the Avrll site is adjacent to the Hindlll site ol the polylinker. was 

identified by its restriction pattern. 

(iii) Construction flf plftsmiri oMQ27 
Plasmid pM025 was digested with EcoRI and Ball and the 1 .0 kbp insert was ligated with plasmid 
P M02 which had been digested with EcoRI and Ball. The ligation mixture was used to transform E. 
coli TG1 recO and individual colonies were checked for their plasmid content. The desired plasmid 
pM027 (4 4 kbp) was identified by its restriction pattern 

^ Constructio n of plasmid pMQ32 
Plasmid pM026 was digested with Avrll and Hindlll and the 0.6 kbp insert was ligated with plasmid 
PM027 which had been digested with Avrll and Hindi... The ligation mixture was used to transform 
E. coli TGlrecO and individual colonies were checked for their plasmid content. The desired 
plasmid pM032 (5. 1 kbp) was identified by its restriction pattern. 

(v)CQnRtructio" pj pi^mlri oMQ33 
Plasmid pM032 was digested with Bs P E. and SexA. and the 2.7 kbp insert was ligated with plasmid 
pMTEP2 which had been digested with the same two enzymes and purified by gel electrophoresis 
to remove the 2.8 kbp insert. The ligation mixture was transformed into E.coli TG1 recO and 
individual colonies were checked for their plasmid content. The plasmid P M033 (1 2.8 kbp) was 
identified by its restriction pattern. 

(vn nnnstructiop ft« Pff1ff mirt nC-AT12 

Plasmid pM033 was digested with Ndet and Xbal and the insert was ligated with plasmid pCJR29. 
which had been digested with Ndel and Xbal and purified by gel electrophoresis. The ligation 
mixture was transformed into E.coli TGIrecO and individual colonies were checked fortheir plasmid 
content The desired plasmid pC-ATl 2 was identified by its restriction pattern 

Pv am n,» H - Con^ r*™ Pi 5 ^ lC7/hn-AT1? and portion of TK| derivatives 

Plasmid pC-AT1 2 was used to transform S erythraea JC2 protoplasts Thiostrepton 
res.stant co.on.es were selected on R2T20 medium containing 10 pg/m« of thiostrepton. Several 
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A clone with an .ntegrated copy of P C-AT12 was grown in SSM medium, containing 5 
*g/mL of thiosfrepton and allowed to grow for seven days at 28-30°C After this time the broth was 
filtered to remove mycelia and the pH adjusted to pH 3 The broth was extracted twice with two 
volumes of ethyl acetate and the combined ethyl acetate extracts were washed with an equal 
volume of saturated sodium chloride, dried over anhydrous sod,um sulfate, and the ethy, acetate 
was removed under reduced pressure, to give about 500 mg of crude product The products were 
shown to be (3R. 43. 5R,-4^methy.-3.5-dihydroxy-n.hexanoic acid lactone and (3R. AS. 5R M - 
methyl-3 5-dihydroxy-n-heptanoic acid h -lactone: 



OH 




OH 



10 




15 



20 



Example ik - instruction of S erythraea NRRI ?3.WnC-ATiP *nn ,tc ... » <f> nrnt i t ,Minn gj 
memtwrpi j macro»irtg <; 

Approximately s M g PC-AT12 DNA was used to transform S. erythraea NRRL 2338 
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated 3' of module 2 of EryAI to give a novel macrolide biosynthetic pathway. 
Further integrations had occurred to give repeated plasmid sequencer S erythraea NRRL 2338 
/PC-AT12 was inoculated into tryptic soy broth containing 5 mg/mL thiostrepton and .ncubated at 
30-C for three days too mL of this seed culture was used to .noculate 2 L of sucrose succinate 
defined medium containing s?g, mL thiostrepton in 5 x 2 L flasks each containing 500 mL 
medium with 2 springs to aid d,spers.on and shaken at 300 rpm. After a further 5 days of growth 
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the cultures were centrifuged and the pH of the supernatant adjusted to pH 9. The supernatant 
was then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC-MS and two macrolide products were identified: 




Example 11 - Construction of piasmid dCJR49 

pCJR49 is a pCJR24-based piasmid containing a mutant DEBS1-TE gene which has no 
ketoreductase in module 2. and the AT domain in module 2 has been replaced by RAPS AT2 in 
order to incorporate a malonyl extender instead of a methylmalonyl extender in the second module 
(Figure 12). 

pM032 was digested with BspEI and SexAl and the fragment containing the AT from RAP 
module 2 was cloned into pUC1-0 which had been previously digested with BspE I and SexA I, to 
yield the piasmid pCJR43 

pCJR43 was digested with Ndel and Xba! and the fragment containing the mutant DEBS1- 
TE gene was cloned into pCJR24 which had previously been digested with Ndel and Xbal. to yield 
piasmid pCJR49. pCJR49 was confirmed by restriction enzyme mapping. 

Example 1m - Construction of S ervthraea JC2/pCJR49 and production of TKL derivatives 



BNSDOC1D: <WO 9801571A2_I_> 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



40 



PCT/GB97/01810 



Approximately 5/ig pCJR49 DNA was used to transform S. erythraea JC2 protoplasts to 
give a strain in which the plasmid is integrated into the chromosome From several colonies total 
DNA is obtained and analysed by Southern hybridisation to confirm that the plasmid has integrated 
into the eryTE. S. erythraea JC2/pCJR49 is inoculated into tryptic soy broth containing 5pg /mL 
5 thiostrepton and incubated at 30°C for three days 1 00 mL of this seed culture was used to 
inoculate 2 L of sucrose succinate defined medium containing 5/xg /mL thiostrepton in 5 x 2 L 
flasks each containing 500 mL medium with 2 springs to aid dispersion and shaken at 300 rpm. 
After a further 5 days of growth the cultures were centrifuged and the pH of the supernatant was 
adjusted to pH 3. The supernatant was then extracted three times wrth an equal volume of ethyl 
10 acetate and the solvent removed by evaporation Products were dissolved in methanol and 

analysed by GCMS on a Rnnegan-MAT GCQ System This analysis indicated that by comparison 
to synthetic standards two new lactones were present These products were (4S.5R)-4-methyI-3- 
keto-5-hydroxyhexanoic acid A lactone and (4S.5R)-4-methyf-3-keto-5-hydroxyheptanoic acid ft 
lactone: 

15 




Example 1n - Construction of S erythraea NRRL 2338/DCJR49 and its use for production of 14- 
membgr^Q nrwoltdes 

5jig PCJR49 DNA was used to transform S. erythraea NRRL 2338 protoplasts to give a 
20 strain in which the plasmid is integrated into the chromosome From several colonies total DNA is 
obtained and analysed by Southern hybridisation to confirm that the plasmid has integrated in 
module 2 of EryAI to give a novel macrolide biosynthetic pathway Further integrations had 
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occurred to give repeated p.asmid sequences. S. erythraea /pCJR49 is .nocu.ated into tryptic soy 
broth containing Sua /mL thiostrepton and incubated at 30»C for three days 100 mL of this seed 
culture was used to inoculate 2 L of sucrose succinate defined medium contain.ng s^/mL 
thiostrepton in 5x 2 L flasks each containing 500mL medium with 2 spnngs to aid dispersion and 
shaken at 300 rpm After a further 5 days of growth the cultures were centrif uged and the pH of 
me supernatant adjusted to pH 9 The supernatant was then extracted three times with and equal 
volume of ethy. acetate and the solvent removed by evaporation Products were anaiysed by 
HPLC-MS and two macrolides were identified: 



10 




OH 



l5 S gafipg n^m^n is S ^«~i tor thr r nr 1 n frt ip n Oidorpa in Qi S WVthmea NRRL 2339 
ff"" d "'^" " f plasmid pAvlD 
P,asmid pCRabc (Example 1 ) was .inearised w*h BamH, and leafed to pU702 previously digested 
wahBgm The m-xture contained the desired piasm.d pAVLD (Figure 5) The .igaton mixture was 
transformed into E.coli TG1 recO and individual colonies were checked for their plasmid content. 
20 The desired plasmid pAVLD was identified by its restriction pattern (Figure 5). 
{ii)rv. n «rtriirtinn of S orythraa ERMD1 
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Approximately 5-10 ng of pAVLD. isolated from E. coli TG 1 recO(pA VLD) was transformed into S. 
erythraea NRRL2338 and stable thiostrepton resistant colonies were isolated. One of these 
colonies was selected and total DNA was digested with Pstl and analysed by Southern 
hybridisation employing as a probe the insert from plasmid pCRc which contains the fragment of 
the ery Al gene encoding the ketosynthase domain KS1. The analysis showed 
positively-hybridizing Pstl fragments of 8.5 kbp. 4.8 kbp and 33 kbp. indicating the presence of 
two tandemly integrated copies of pAVLD (Figure 6). 

Example 3 • Preparation of Isoproovl and sen-Birtvl Frvt h romvcins [ tsinn S. ervthraaa FBMD1 

A 50 mL fermentation of S. erythraea ERMD1 was carried out on tap water medium and 
after 4 days at 30°C the mycelium was harvested and used to inoculate 1 .5 L of sucrose-succinate 
medium containing thiostrepton (50j/g/mL). After growth at 3CPC for 4 days, the whole broth was 
extracted twice with an equal volume of ethyl acetate. 

The combined extracts were concentrated under reduced pressure and subjected twice to 
preparative thin layer chromatography on silica plates (20 x 20cm) eluted with 
chloroform/methanol/.68 ammonia 8:2:0.01 (by vol). The products were further separated by 
HPLC on a PhaseSep C18 base-deactivated reversed-phase column S5 ODS (octadecylsilane) 6 
(4.6mm x 25 cm), eluted with methanol/0.5% ammonium acetate (70:30 (vol/vol)), at 1 mL/min 
Fractions were collected between 7 and 1 1 minutes from three separate injections, and the pooled 
fractions were re-injected in ten separate injections. The analogues containing an isopropyl side 
chain (isopropyl at R, of formula 1) derived from the incorporation of a 4-carbon (C-4; isobutyryl) 
starter unit eluted earlier, with the analogues containing a sec-butyl side chain (sec-butyl at R, of 
formula 1 ) derived from the incorporation of a 5-carbon (C-5; 2-methybutyryl) starter unit emerging 
several minutes later. High resolution MS gave results for C-4 eryA. eryB and eryD analogues, and 
for C-5 eryA and eryB analogues, which correspond closely to those calculated: 
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Analogue 
C5-eryA 
C4-eryA 
C5-eryB 
C4-eryB 



r. plrHMass Measure? Mas? 
762.5004 762.5021 
748.4847 748.4820 
746.4898 748.5077 
732.4898 732.4933 



in these experiments natural erythromycins were present only in low or undetectable 
amounts, and there were no detectable amounts of eryC analogues. The overa.. concentration 
ratio of C-4/C-5 compounds in the fermentation broth, as assessed by ESMS of ethyl acetate 

,0 extracts ol broths, was between 4 1 and 6:1 in favour of C-4 compounds. The rat,o of A:B:D 
analogues is variable, about 1 5:60:25. but with an increasing proportion of A analogues as the 
fermentat,on proceeds. The tota. yield of erythromycins is about 400 ^Mre. No supplementation 
with either isobutyric or 2-methy.butyric acid was performed. Thus, it would appear that the 
isobutyry. and 2-methy.butyry. starter units are derived from endogenous^ supplied precursors. 

,5 analogous to the synthesis of natural avermectins (e.g.. Hafner et all (1991), J Antibiot.. 44:349- 
356). 

Fv ^pift 4a - Cons truction of S. ervthraea NRRl ?33WQ 1 

Approximately 5 »g of plasmto P «G1 was transformed into protoplasts of S. erythraea NRRL 
20 2338 and stable thiostrepton resistant coton.es are isolated. From several such colonies, tota. 
DNA was obtained and analysed by Southern hybridisation, to conf .rm that the plasmid had 
integrated specif.ca.fy ,nto eryAI. and Southern analysis also showed that the site of integration was 
appropriate to generate a mutant capable of producing altered macrolides via the ave toading 



module. 



F* a mn< e 4b - fV ^ruction P * § ervthraea NRRl ?338/pNP30 
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Approximately 5 »g of plasmid pND30 was transformed into protoplasts of S. erythraea 
NRRL 2338 and stable thiostrepton resistant colonies are isolated. From several such colonies, 
total DMA was obtained and analysed by Southern hybridisation. ,o confirm that the plasmid had 
integrated specificaHy into eryAI. and Southern analysis also showed that the site of integration was 
appropriate to generate a mutant capable of producing altered macrolides via the ave loading 



module. 



NRRL aaawflfai 

>0 S. erythraea NRRL 2338/p.Gl W as inocufated into tap water med.um containing 50 „g/mL 

thiostrepton and allowed to grow for four days at 30<C. After this. 20 mL of the mycelium was used 
to seed 500 mL of sucrose-succinate medium contammg 50 Mg /m L thiostrepton. in a 2L flask with 
a single spring to reduce dumping, shaken at 280 rpm. Atter between 3 5 and 6 days, the broth 
was tittered to remove mycelia and then extracted three times with a quarter volume of ethyl 
15 acetate. The combined ethyl acetate extracts were dried over anhydrous sodium sulphate and 
so.vent removed by evaporation. Analysis of the product mixture usmg GC and electrospray MS 
revealed that of a total of 5-6 mg/L of 1 4-membered macrolide products, the major component was 
sec-butyl^rythromycin D (about 1 .5 mg/L). with other components present being 
sec-butyl-erythromycin 8 and sec-butyl-erythromycin A ; isopropyl-erythromydns A. B and D; and 
20 small amoumsof nature, erythromycins A. Band D. S. erythraea NRRL 2338/p.Gl produced 

approximately 10-15 times more of the novel isopropyl- and sec-butyl-erythromycins compared to 
the equivalent S. erythraea ERMD1 construct (see Example 2, clearly demonstrating the capability 
of the act, promoter and its cognate activator gene actU-orf4 to enhance the expression of Type I 
PKS's. Again, no supp.ementation with either isobutyric or 2-methylbutync aad was performed. 
25 Thus, awouldappearthattbeisobut^ 
endogenously supplied precursors. 
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r-— a - P^n - is - w^ 1 * 1 * , * ln s mttaa 

MBB1 ™«mND30 

S e^hraea NRRL 2338*ND30 was inoculated into tap water medium containing 50 
5 Anerthi^OmLotthemycebum 

was used to seed 500 mL o. suoose-suocinate medium corbaining 50 „ ML .hiosbep«>n. n a 2L 
,,,s* .nth a smgiespnng deduce c,ump*g. shaken a, 280 rpm A«erbehveen3.5and6days. 
tneero.twas^ed^removemyceiiaand^ne^^ee.meswimaeuartervetumeo. 

ethyi acetate The combined ethyl acetate exlracts were dded oxer anhydrous sodium sufchate 
,„ andsoiventremox^evaporabon. Rotate product mixture using GC and *d™« 
MSreveaiedmato.a^o.S^mg^o.U^emneredmacrotideproducu.me major component 

was sec-butyt^ythromycin D (about 1 .5 mg/L). w«h orher componenrs present being 

sec-buryt^rytnromycin B and secburyi-e^romycn A: isopropyi^dhromycins A, B and D: and 

amounts* nabtra, erymromycins A. B and O. S erymraea NRBL 2338/PND30 produced 

15 approxrmareiyto.^mesmoreo.tbe^e.iso^^ 

mee a ui^en, S .e^aea EBM D,cons~a(seeExamp,a 2 ,c 1 eadydamonsaa«ngmeoapab,,«y 

o, .be act. promoter and Ha cognate activator gene actll-or« to enbance me expression o. Type . 
PKS-a Again, no supptememabon wbh ebher .soetdync or 2-merhy1bu*nc acid was performed 
Thus, it would appear that the isobidyn, and 2-m«hylbu*y< surter unKs are denved trom 
20 endogenously supplied precursors. 



Fxamcrte 6<* - Preparation 



ot ,o^ion.ntv.- e rvthromyrin B \ isipq S erythrae, NRR1 23WQ 1 



25 



The cubure S. endhraea NRRL 2338/plGt was tnocutated in* 50 mL tap water medium m a 
300mL Edsnmeyer bask Abe, 36 hours ircubabon a, 23=0. mistiasb was used to inocuiate 3 5 L 
ot ERV-P medium in a 5 L miniiar. The broth was abated a, 28-C wim an aeration rare o. 1.75 
^inCyd W n,anecarbox»«acX. ( t4mUwas^a«e,2.hoursand,he.ermenm,ionwas 

conbnued tor ,83 hours. Ader thisbme. the whote broth was ad,usted to pH 8.5 with agueous 
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10 



15 



20 



sodium hydroxide and extracted with ethyl acetate (10 L). The ethyl acetate extract was 
concentrated to dryness giving the crude product as a gurn (4.2g,. One gram of this extract was 
dissolved in ethy. acetate (5 mL) and added to a prepacked silica gel cartridge (10 g. Internationa. 
Sorbent Technology) previously conditioned with ethyl acetate (10 mL). The column was 
sequentially e.uted with ethy. acetate (4 x 10 mL); dtohtoromethanermethanol (1:1) (2 x lOmL): 
dichloromethane methanolrammonia (90:9.1) (1 x lOmL):dich»oromethane:methanol:ammon,a 
(80.19.1) (1 x 10 mL): methanol (2x10 mL). Fractions 7-10 were combined and evaporated to 
dryness. This fractionation was repeated on the remaining 3.2g of gum. This enrichment step 
yielded ca. 920 mg of a gummy solid contaimng the desired product. This was further purified by 
prepare reversed-phase HPLC using a Zorbax 7 M m OOS column (21.2 mm x25cm) us,ng a 
mobile phase of acetonftri.e:0.05 M ammonium acetate (7:3, at 8 mL/min. Fractions, contam.ng the 
product of interest, from four separate injections were combined and evaporated to dryness 
before repeat preparative reversed-phase HPLC using a Beckman 5 M m Ultrasphere ODS column 
( 1 0 mm x 25 cm) using a mobile phase gradient of acetonitrile:0.05 M ammonium acetate (28:72) to 
acetonitnle:0.05 M ammonium acetate (50:50) over 18 m,nutes (flow rate 4 mUmm). Fractions, 
containing the product of interest, from five separate injections were combined and evaporated to 
dryness to give a pure white solid (7 mg). The structure of the product was confirmed by mass 
spectrometry (MS) and nuclear magnetic resonance (NMR) spectroscopy as follows. 
HPLC retention time - Method A - 26.0 minutes 

APCI-MS - (M + H) + observed at m/e 758. required for C 4 oH 72 NOi 2 - 758 
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NMR data 

Atom number «C chemical shift, from °C NMR spectrum 'H chemical shift and multiplicity 

1760 



1 

2 
3 
4 
5 
6 
7 

8 
9 

10 
1 1 
12 
13 
14 



45.0 
80.4 
39.2 
83.8 
75 4 
38.0 

45.0 
ca. 220.0 
38.9' 
69.4 
38 8 # 
78.3 
41 7 



2.89 1Hdq J = 9.4, 7 1 
4.02 1Hdd J = 94, 1.7 
2.08 1 H multiplet 
3.59 1Hd J = 7 4 

2.00 1Hdd J = 14.7, 10.8 

ca. 1.65 1H multiplet 

2.71 1Hdqd J = 10.6, 6.8. 2.6 

2.98 1Hqd J = 6.8. 1.5 
3.73 1Hdd J = 9.9. 12 
1.71 1H multiplet 
5.19 1Hdd J = 10.5. 10 
2.15 1H br sextet 
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15 30.4 ca 1 . 69 1 H muttiplet 

ca. 1.21 1H multiplet 

16 25.4 ca. 1 . 63 1 H muttiplet 

ca. 1.52 1H multiplet 

17 25. 1 ca. 1 .63 1 H muttiplet 

ca. T . 52 1 H multiplet 

18 29.0 ca. 1.69 1H multiplet 

ca. 1.21 1H multiplet 

19 15.8 1.183Hd J = 7.1 

20 9 24 1 13 3Hd J = 70 

21 27.4 1.463HS 

22 18.5 1.143Hd J = 6.8 

23 9.5 0.99 3Hd J = 6.8 

24 9.16 0.86 3Hd J = 7.1 
V 103.2 4.43 1Hd J = 7.3 

2' 70.9 3.24 1Hdd J = 10.3. 7.3 

3' 65.4 2.51 1H ddd J = 12.0. 10.6. 4.1 

4' 29.0 ca. 1.68 1H muttiplet 

ca. 1.24 1H multiplet 
5' 68.8 3.50 1Hbr sextet 

6 # 21.5 1.223Hd J = 61 

7\8' 40.1 2.32 2x3Hs 

1" 96.5 4.90 1Hd J = 4 6 

2 M 35.1 2.36 1Hd J= 15.2 + small(<1 Hz) 

1 58 1H multiplet 

3" 72.6 

4" 78.0 3.02 1Hd J = 9.1 
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5> . 65.6 4 01 1H multiple! 

6> . 18.7 1.29 3Hd J = 6.3 

7 - 21.4 1.24 3HS 

g .. 49.5 3.31 3H s 

* - Assignments for signal with asterisks may be interchangeable 

F*flmple6b - Preparation nf 1 3-cvc ^ ngntvi-ftrvthrnmvcin B using S erythrafia NRRI 2338/pNP3Q 
An experiment similar to example 6a. using the culture S. erythraea NRRL 2338/pND30. 
5 produces the compound exemplified in example 6a 

Example 7a- Preparation nt 13-cvclr.hirtvl-ftfVthr o mvrtn B usinn S erythraea NRRI. 2338/plQ1 

The culture S. erythraea NRRL 2338/plG1 was inoculated into 50mL tap water medium in 
3 x 300 mL Erlenmeyer flasks. After 72 hours incubation at 28°C. this flask was used to inoculate 

10 3.5Lof ERY-Pmediumin3x5L minijars. The broth was incubated at 28«C with an aeration rate of 
2.0 Umin and stirring at 500 rpm. Two feeds of cyclobutane carboxylic acid (1 A mL) were added 
after 24 hours and 48 hours and the fermentation was continued for 168 hours. After this time, the 
pH of the whole broth was adjusted to 8.5 with aqueous sodium hydroxide and then extracted with 
ethyl acetate (20 L). The ethyl acetate extract was concentrated to dryness giving the crude 

15 product as a gum (9.2 g). A portion (2. 3 g) of this extract was dissolved in ethyl acetate (12.5 mL) 
and added to a prepacked silica gel cartridge (10 g: International Sorbent Technology) previously 
conditioned with ethyl acetate (10 mL). The column was sequentially eluted with ethyl acetate (4 x 
24 mL); dichtoromethane:methanol (9:1 ) (1 x 24 mL): dichloromethane methanol (8:2) (2 x 24 mL); 
dichk>romethane.methanol:ammonia (80:19:1) (1 x 24 mL); methanol (1 x 24 mL). Fractions 6-8 

20 were combined and evaporated to dryness. This fractionation was repeated on a remaining sample 
of gum (4.7 g) This enrichment step yielded ca. 4 1 5 mg of a sofid containing the desirecf product 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 t *m ODS column 
(21 .2 mm x 25 cm) using a mobile phase of acetonitrile:0 05 M ammonium acetate (3.1 ) at 8 
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mL/min Fractions, containing the product of interest, from five separate injections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
M m Ultrasphere ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitrile:0.05 M 
ammonium acetate (28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow 
5 rate 4 mL/min). Fractions, containing the product of interest, were combined and evaporated to 
dryness to give a pure white solid (27 mg) The structure of the product was confirmed by MS and 
NMR as follows: 

HPLC retention time - Method A - 22.3 minutes 

APCI-MS - (M + H) + observed at m/e 744. required for C39H70NO1 2 - 744 




NMR data: 

Atom number °C chemical shift, from °C NMR 'H chemical shift and multiplicity 

spectrum 

1 176.3 

2 44.5 2.87 1Hdq J = 9.1. 7.1 

3 804 4.03 1Hd J = 9.1 

4 39.2 2.08 IHmultiplet 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



51 



5 
6 
7 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 
17 

18 

19 

20 

21 

22 

23 

r 

2' 
3' 



83 9 
75 4 

37.7 

44.5 

219 4 

38.9 
69 1 
37 3 

77.4 

37.0 

25.2 

17.7 
24.2 

15.5 
9.3 
27.0 
18.0 
9.1 
9.3 
103.4 
709 
65.2 



PCT/GB97/01810 



3.59 1Hd J = 7.4 

1.99 IHmultiplet 

1.64 iHdd J = 15.0, 3.0 

2.73 1H t>r doublet of pentets 

j=ca. 7.0. 3 0 

2.97 iHqd J =6.9. 11 
3.75 1Hdd J =10.2 + small 
162 IHmultiplet 
5.39 1Hdd J = 9.3. 11 
2.60 1Hbr sextet 
cal.97 IHmultiplet 
ca182 IHmultiplet 
ca1.83 2Hmultiplet 
cal.93 IHmultiplet 
cal.75 IHmultiplet 
1.17 3Hd J = 7.1 
1.12 3Hd J = 7.5 
1.46 3HS 
1 14 3Hd J = 7.1 
0.98 3Hd J =6.9 
0.81 3Hd J = 7.1 
443 1Hd J = 7.3 
3 27 1Hdd J =10.3. 7.3 
2 64 1 H multiplet 
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4' 29.1 cai.72 iHmultiplet 

ca 1 .22 1 H multiplet 

5' 68.7 3.52 1Hbr sextet J = ca. 6.1 

6 - 21.0 1.23 3Hd J = 6.1 

7*.8 f 40.0 2.38 2 x 3Hs 

1" 96.6 4.89 1Hd J = 4 5 

2 " 34.7 2.38 IHmultiplet 

1.57 1Hdd J = 15.0. 5.0 

3" 72.5 

4 " 77 8 3.02 1Hd J = 9.2 

5 " 65.3 4.02 IHmultiplet 

6 " 18.2 1.29 3Hd J = 6.2 

T% 21.2 1.24 3Hs 

8" 49.1 3.31 3Hs 



Example 7b - Preparation of 13-cvdobLrty l^ervthromvcin B using S. ervthraea NRRL 2338/DNP30 
An experiment similar to example 7a. using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 7a. 

5 

Example 8a - Preparation Of 13^34uranvl)-ervthromvcin B usin g S. ervthraea NRRL 2338/DIG1 

The culture S. erythraea NRRL 2338/plGt was inoculated mto 50 mL tap water medium in a 
300 mL Erlenmeyer flask After 72 hours incubation at 28°C. this flask was used to inoculate 3.5 L 
of ER Y-P medium in a 5 L minijar. The broth was incubated at 28°C with an aeration rate of 1 75 
10 L/min. 3-Furoic add (1 4 g in 6 mL methanol) was added filter sterilised after 24 hours and the 

fermentation was continued for 138 hours After this time, the pH of the whole broth was adjusted 
to 8.5 with aqueous sodium hydroxide and then extracted with ethyl acetate (10 L). The ethyl 
acetate extract was concentrated to dryness giving the crude product as a gum (3.8 g). A portion 
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_ . ^otDMnmLi and added to a prepacked silica gel 
of this extract (1 . 9 g) was dissolved in ethyl acetate (10 mL) 

___ . tnnilS nreviouslv conditioned with ethyl acetate (1 0 

cartndge (10 g; International Sorbent Technology) previously cona 

mL) The co.umn was sequentially elated with ethyl acetate (4 x 24 mL); 

dichl oromethane:me^ 

di «tha,e-— 

9 W ere comhined and evaporated to dryness. This fraction was repeated on the remaining 
1 9go fgum Thisenr.hmentstepyie^edaso-idcontainingthedesiredproouct. Thiswas 
furt her purged by preparative .versed-phase HPLC u,ng a Zorhax 7 ,m COS column ( 2 1 , mm x 
25 cm) using a mobile phase of acetonitrile.0.05 M ammonium acetate (3:1 ) at 8 mL/min. Fractions, 
containing the product ot interest, from three separate mictions were com.ned and evaporated 
to dry ness before repeat preparative reversed-phase HPLC u*ng a BecKman 5 ,m UKrasphere 
OOSco,umn(10mmx25cm)u,ngamobi.ephasegradientof acetonitrHe:0.05 M ammo.um 
acetate (28:72) to aceton rt ri,e:0.05 M ammonium acetate (50:50) over 18 minutes (f ,w rate 4 
M PraCons. containing the product of interest, from three separate in^ns were 

„. , ra « ^-turanvlVeivthromycin B as a white solid (9 
combined and evaporated to dryness to give pure 13.(8 furanyl)-eryt 

mg) The structure of the product was confirmed by mass spectrometry. 
HPLC retention time - Method A - 17.0 minutes 

APCI-MS - (M ♦ H) + observed at m/e 756. required for 0*8**0, 3 - 756 



BNSDOCtD: <WO 8801 571 A2_l_: 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



54 



PCT/GB97/01810 



Nmrdata 

Atom number 

i 

2 
3 
4 
5 
6 
7 

8 

9 

10 
11 

12 
13 




Approximate l3 C chemical 
shift, from 'H - *C correlation 



174.7 
44.4 
80.3 
39.5 
83.9 
75.0 
37.8 

44.8 
219.7 
39.2 
69.5 
41 4 
69.2 



'H chemical shift and multiplicity 



2.93 IHdq J = 8. 1,7.0 
4.14 1Hd J = 8.1 
2.18 1Hm J = 7.0. 7.2 
3.61 1Hd J = 7.2 

2.07 1Hdd J = 14.6. 11.3 

1.70 1H dd J = 14.6. not resolved 

2.78 1Hbrm J = 1 1.3. 7.0 f 2.2 

3.05 1 H dq J = 6.9. not resolved 

3.95 1 H dd J = 10.0. not resolved 

1.88 1Hdq J= 10.0, 7 0 

6.47 1H complex m 
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S5 



14 1383 

15 1 24_ 3 



16 1086 

17 1 428 



18 
19 
20 
21 
22 
23 

1 . 103.3 



2* 
3' 
4' 

5' 
6' 

T.8' 
1" 
2" 

3" 

4" 

5" 

6" 

7" 

8" 



15.5 
8 7 
27.0 
18.3 
8.4 
8.7 



71 1 
65 1 
29 3 



20.7 
40.0 
96.6 
35.2 



71.7 

77.8 

66 1 

18.3 

21.2 

49.1 
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7.31 1H complex m J= 0.7. 1.8 



6.31 1H complex m. J = 1.8. 0.7 
739 iHt J = 18 
1.21 3Hd J = 7.0 • 
1.16 3Hd J = 70 
1.48 3Hs 
1.18 3Hd J = 70 
1.03 3Hd J = 6.9 
0.88 3Hd J =7.0 
4.46 iHd J = 7 4 
3.29 iHm 
2.60 1H broad m 
1.78 IHm 
1.24 1Hm 

68.8 354 lHm 

1.24 3H d (obscured) 

2.39 2x3Hs 

4.88 1Hbrd J = 4.9 

2.39 IHm 

1.59 iHdd J = 15.0. 4.9 



3.03 1Hd (obscured) 
4.03 iHdq J = 9.0, 6.1 
1.30 3Hd J =6.1 
1.26 3Hs 
3.33 3Hs 
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• Assignments indicated with an asterisk maybe reversed 



Exgmpl3 9b - Preparation of 13-f34uranvn-ervthromvcin B using S. ervthraea NRRL 2338/dND3Q 
5 An experiment similar to example 8a, using the culture S. erythraea NRRL.2338/pND30. 

produces the compound exemplified in example 8a. 

Example 9a - Preparation of 13-cvclraropv l-ervthromvcin B using S ervthraea NRRL 2338folG1 

The culture S. erythraea NRRL 2338/&IG1 was inoculated into 50 mL tap water medium in a 
1 0 300 mL Erlenmeyer flask. After 72 hours incubation at 28 C C. this flask was used to inoculate 3.5 L 
of ER Y-P medium. Thiostreptone (105 mg) was added immediately after sterilisation The broth 
was incubated at 28°C with an aeration rate of 2 LTrnin and strrnng at 500 rpm Cyclopropane 
carboxylic acid (1 .2 mL) was added after 24 hours and the fermentation was continued for 144 
hours. After this time, the whole broth was adjusted to pH 8 5 with aqueous sodium hydroxide and 
15 then extracted with ethyl acetate (3 L). The ethyl acetate extract was concentrated to dryness 
giving the crude product as a gum ( 1 .7 g). This extract (0.85 g) was dissolved in ethyl acetate (1 0 
mL) and added to a prepacked silica gel cartridge (10 g; International Sorbent Technology) 
previously conditioned with ethyl acetate (20 mL). The column was sequentially eluted with ethyl 
acetate (4 x 24 mL); dichloromethanermethanol (9:1) (1 x 24 mL); dichloro-methane:methanol (8:2) 

20 (1 x 24 mL); dichloromethane:methanol:ammonia (80:19:1 ) (3 x 24 mL); methanol (1 x 24 mL). 

Fractions 8-9 were combined and evaporated to dryness This fractionation was repeated on the 
remaining 0.85 g of gum. This enrichment step yielded a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 pm ODS column 
(21 .2 mm x 25 cm) using a mobile phase of acetonrtrile:0.05 M ammonium acetate (3:1 ) at 8 

25 mLAnin Fractions, containing the product of interest, from 4 separate injections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
nm Ultrasphere OOS column (10 mm x 25 cm) using a mobile phase gradient of acetonitrile O.05 M 
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ammonium aceu.e ^.72, fo ace»n»riie:0.0 5 Man 1 mona,mace a ,e ,50:50, ova, ,6 nanures (flow 
rat e 4 mur*). Frar*ons; conainina me product o. interest, from three separate logons were 
coined and evaporated to dryness to 9 rve pore ta-cydop.opyt-ety.hromycin 
(9 mg). The structure of the product was contimted by mass spectrometry. 
HPLC retention time - Method A - 17.9 minutes 

APCI-MS - (M + H) + observed at m/e 730. reouired for C 38 H6BNOi 2 - 730 




NMRdata: 

Atom number Approximate "C chemical shift, from 
'H - °C correlation data 
176.4 

44.8 
80.3 
395 
83.7 
75.2 
38.0 



'H chemical shift and multiplicity 



1 
2 
3 
4 
5 
6 
7 



2.88 iHdq J = 8.5. 7.1 

4.04 1Hdd J = 8.5. 19 

2.11 iHbrpentet J = ca7 

3.58 iHd J = 7.5 

2.02 1Hdd J = 14 7. 10 9 
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1.66 1H dd J = 14.7. 2 8 

8 45.1 2.74 1Hdqd J = 10.9. 7.1. 2.8 

9 220.0 

10 39.0 3.01 IHmuttiplet 

11 69.8 3.76 1Hdd J = 10.0,ca1.4 

12 40.4 1.84 1Hdqd J = 10.0. 6.9. 1.2 

13 78.5 4.68 1Hdd J = 9.2. 1.2 

14 13.2 1.09 IHmuttiplet 

15 4.1 0.51 IHmuttiplet 

0.42 iHmultipfet 

16 2 7 0.51 IHmuttiplet 

0.29 IHmuttiplet 

17 15.1 1.19 3Hd J = 7.1 

18 9.3 1.14 3Hd J = ca7.1 

19 27.4 1 46 3Hs 

20 18.3 1.16 3Hd J = 7.1 

21 9.3 1.001 3Hd J = ca7.2' 

22 9.3 0.998 3Hd J = ca6.9- 
1' 103.3 4.43 1Hd J = 7.2 

2' 71.0 3.25 1Hdd J =10.3. 7.2 

3* 65.6 2.54 IHbrddd J = ca 12.5. 10.3. 4 

4' 29.0 1.69 IHmuttiplet 

1.25 IHmuttiplet 

5' 69.2 3.51 IHbrdq J = ca11.6 

6' 20.9 1.22 3Hd J = 6.2 

T.B* 39.9 2.33 2x3Hs 

1" 97.1 4.87 1H brd J=ca5 
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2" 35.0 

3" 72.5 
4- 78.1 



2.37 1H brd J = ca. 15 
1.57 1Hdd J =15.1. 5.0 



3.01 1Hbrd J = 9.2 
66 0 4.02 1Hdq J = 9.2, 6.2 



5" 
6" 
7" 

8» 49.3 332 3HS 

Assignments indicated wrth an asterisk maybe reversed 



183 1.28 3Hd J = ca6.2 

21 0 1 24 3Hs 



5 



10 



15 



. .-.p^nr -"-ir-lr r — a y*aa r^nmtm 

An experiment **r to example 9a. using the cu«ur. S. erythraea NRRL 2338^030. 
produces the compound exemplified in example 9a. 

^ m . Esssai s m <* ^-M. m ^vHhio. P thvn-prvtnrom V r f in R USHIS S erythraea NRRL 
?3afl/oiGi 

The culture S. erythraea NRRL 2338/piGI was inoculated into 1 L tap water medium in a 
2.8 L Fernbach flask. Thiostreptone (50 mg) was added immediately after inoculation. After 84 
hours incubation at 29'C. this flask was used to inoculate 8 L of supplemented ER Y-P medium (50 
g/L Dextrose. 30 g/L Nutrisoy flour. 3 g/L ammonium sulfate. 5 g/L Nad. 6 g/L CaCO, 1 0 g/L 
sucrose. 5 g/L corn steep solids. 0.5 g/L MgS0 4 and 1 ml_/L of P2000) in a 14 L fermentor jar. The 
broth was incubated at 28'C with an aeration rate of 8Um.n. stirring at 800 rpm and with pH 
maintained between 6.9 and 7 3 with NaOH or Hj S0 4 (15%). Methytthiolacfc acid (3.2mL)was 
added after 24 and 48 hours. Additional methylthiolacfc acid (16 mL) was added after 120 hours. 
The fermentation was continued for 1 42 hours. After th.s time, the whole broth was centrifuged to 
yield centrate(34 L) which was loaded onto a XAD-16 res,n column (600 mL: Rohm and Haas). The 
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resin column was then washed with water (1.8 L) and eluted with ethyl acetate (2.5 L) The ethyl 
acetate was partially concentrated (to 250 mL) and then the product of interest was extracted into 
1 00 mM sodium phosphate buffer. pH 3.5 (1 .3 L). The product was transferred back into ethyl 
acetate by adjusting the water to pH 9 with sodium hydroxide and then mixing with ethyl acetate 
5 (450 mL). The erythromycin rich ethyl acetate layer was separated, evaporated to a gum (5.0 g). 
and then resuspended into 20% methanol (120 mL) which was loaded onto a CG-161 resin 
column (100 mL; Toso Haas). The resin column was sequentially eluted with 20% methanol (3 x 
100 mL), 40% methanol (3 x 100 mL), 60% methanol (3 x 100 mL). 80% methanol (3 x 100 mL) 
and neat methanol (4 x 100 mL). The neat methanol fractions 2 and 3. containing the product of 
10 interest, were evaporated to a solid (220 mg) and further purified over a reversed-phase 10 urn 
Kromasil C18 HPLC column (75 mm x 25 cm), using a mobile phase of acetonrthle:0.05 M 
ammonium acetate with 0. 1% trifluoroacetic acid gradient (32:68) to (38:62) over 60 minutes at a 
flow rate of 215 mUmin. Fractions containing the product of interest were combined (1 .7 L). 
adjusted to pH 9 with sodium hydroxide and extracted into methylene chloride (300 mL). The 
15 methylene chloride layer was separated and evaporated to dryness to yield partially pure product. 
The preparative HPLC step and extraction step was repeated to obtain pure l3-(1-methyfthio- 
ethyi)-erythromycin B (31 mg). The structure of the product was confirmed by MS and NMR 
spectroscopy (Bruker DMX 500 MHz spectrometer) as follows: 
HPLC retention time - Method B - 14.9 minutes 

10 APCI-MS-(M+H)* observed at m/e 764. required for C38H70NO1 2S - 764 
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NMRdata: 



Atom* 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 



°C (ppm) 
221.08 
176.10 
103.42 
96.93 
84.31 
80.69 
78.30 
76.17 
75.75 
73.11 
71.23 
6984 
6903 
66.18 



# Attached 'H 
0 
0 



'H (ppm) 



0 
0 
1 
1 
1 
1 



4.49 
4.94 
3.63 
4.06 
3.07 
5.42 



3.32 
3.77 
3.56 
4.06 
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15 


65.99 


1 


2.68 


16 


49.91 


3 


3.36 


17 


45.62 


1 


2.74 


16 


45.26 


1 


2.96 


19 


40.61 


3 


2.46 


20 


40.01 


1 


2.83 


21 


39.60 


1 


2.14 


22 


38.94 


1 


3.04 


23 


38.44 


2 


2.03/1.70 


24 


37 68 


1 


2.44 


25 


35.47 


2 


2.41/1.63 


26 


29.66 


2 


1.79/1.32 


27 


27.70 


3 


1.51 


28 


21.89 


3 


1.29 


29 


21.77 


3 


1.28 


30 


19.08 


3 


1.33 


31 


18.92 


3 


1.20 


32 


18 19 


q ... .. 




33 


16.29 


3 


1.23 


34 


11.11 


3 


2.12 


35 


10.16 


3 


1.07 


36 


9.70 


3 


1 17 


37 


962 


3 


0.90 



Example 1Qt> - Preparation of 13-n - methvlthio^thvH-efvthromvcin B using S. ervthraea NRRL 
2338/DND3D 
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10 



15 



20 



Anexp«i m em^ toW sx am p l e10a.u S n 3 .hecuHu,eSe^h ra eaNRRL233e*ND30. 
produces the compound exemplified in example 10a. 

£ ., m ^ 1, . Prepare r - l ^*'*'***' P S ' ****** NBPU339 

The cu«ure S. eryffiiaea NRRL 2338 was inoculated into 50 mL up water medium in a 300 
mL Erlenmeyer fla* Alter 46 hours incudalion a, 2*C. this M was used ,0 inoculate 50 mL of 
EBY-PmediuminaSOOmLEdenmeyetfla*. Thebrothwasincuda.*^. Cydodutane 
carlx>xy«c acid (20 mL) was added atte, 24 hours and the termentaUon was cdnhnued tor 168 
Hours A.,* this time, the whole brom was adiusted to pH 8.5 w«h aqueous sodium hydroxide and 
men extracted with ethyl acetate (50 mL, The ethyl acetate was separated and concentrated to 
d^ness Tbesamplewasredlsso^nmethanolll mL) tor HPLC-MS analysis. This contirmed 
,he produce o. is-oydobulyl-entinnxnycln B. by the untranstormed. non-recombinan, NRRL 

. t w th B n*anPticallv-enqineered strain containing the ayr loading 
2338 as described in example 7 for the genetically engines 

module (NRRL 2338/plG1 construct) 

HPLC retention time - Method A - 22.3 minutes 

APCI-MS - (M ♦ H) + observed at m/e 744. required lor C39H70NO1 2-744 

ip - aaa a son gt ^■^nrooyi-ervthromYhn p uapg 9, fiDghjasi nr . ri 233S 

The culture S. erythraea NRRL 2338 was inocu.ated into 50 mL tap water medium in a 300 
.LEdenmeyer^sK. After 

ERY-Pmediumina300mLEdenmeyerftosK. The broth was incubated at 2*C. Cyclopropane 
carboxylic ac* (20 mL) was added after 24 hours and the fermentation was conned for 168 
nours Aftermis«me.thewho,eb^ 

thenextractedwithethy.acetate(50mL). The ethy, acetate was separated and concentrated to 
dryness. The sampfe was red.sso.ved in methane. (1 mL) tor HPLC-MS analysis 
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This confirmed the production of 13-cyclopropyl-erythromyein B. by the untransformed. 
non-recombinant NRRL 2338 as described in example 9 for the genetically-engineered strain 
containing the m. loading module (NRRL 2338/plG1 construct) 

HPLC retention time - Method A - 17.9 minutes 

APCI-MS - (M + H) + observed at m/e 730. required lor C38H68NO1 2 • 730 



Example 13a - Preparation of 13-cvclnhutvl-ervthrnm v cin A iisinn S ervthraea MRRL 2338/olQl 

The culture S. erythraea NRRL 2338/plG1 was inoculated into 50 mL tap water medium in 
3 x 300 mL Erlenmeyer flasks. After 72 hours incubation at 26"C. each flask was used to inoculate 
10 3.5 L of ERY-p medium in 3 x 5 L minijars. The broth was incubated at 28<C with an aeration rate ol 
2.0 L/min and stirnng at 500 rpm. Two feeds of cyclobutane carboxylic acid (1 .4 mL) were added 
after 24 hours and 48 hours and the fermentation was continued for 1 68 hours After this time, the 
pH of the whole broth was adjusted to 8.5 with aqueous sodium hydroxide and then extracted with 
ethyl acetate (20 L). The ethyl extract was concentrated to dryness giving the crude product as a 
15 gum (9.2g). A portion (2.3 g) of this extract (2.3 g) was dissolved in ethyl acetate (12.5 mL) and 
added to a prepacked silica gel cartridge (10 g; International Sorbent Technology) previously 
conditioned with ethyl acetate (10 mL). The column was sequentially eluted with ethyl acetate (4 x 

24 mL); dichloromethane.methanol (9.1) (1 x 24 mL); dichloromethane methanol (8:2) (2 x 24 mL); 
dichloromethanermethanolrammonia (80.19:1) (1 x 24 mL): methanol (1 x 24 mL). Fractions 6 - 8 

►0 were combined and evaporated to dryness. This fractionation was repeated on the remaining 4.7g 
of gum. This enrichment step yielded 415 mg of a solid containing the desired product. This was 
further purified by preparative reversed-phase HPLC using a Zorbax 7,im ODS column (21 .2 mm x 

25 cm) using a mobile phase of acetonitrile:0.05 M ammonium acetate (3:1) at '8 mL/min. Fractions, 
containing the product of interest, from 5 separate injections were combined and evaporated to 
dryness before repeat preparative reversed-phase HPLC using a Beckman 5 M m Ultrasphere ODS 
column ( 1 0 mm x 25 cm) using a mobile phase gradient of acelonitrile:0.05 M ammonium acetate 
(28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow rate 4 ml_/min) 
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Fractions, containing the product of interest, were combined and evaporated to dryness to give a 
pure white solid (4 mg). The structure of the product was confirmed by MS and NMR spectroscopy 
as follows: 

HPLC retention time - Method A - 17.5 minutes 

APCI-MS - (M + H)' observed at m/e 760. required for CsH^NOo - 760 




Nmrdata: 
Atom number 



Approximate «C chemical shift, from i H- °C 'H chemical shift and multiplicity 





correlation data 




1 


176.1 




2 


44.7 


2.88 


3 


79.8 


3.99 


4 


39.3 


1.97 


5 


83.4 


3.57 


6 


75.4 




7 


38.3 


1.92 






1 72 
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8 45.1 2.70 iHmultiplet 

9 222.5 

10 37.4 3.07 1Hbrqj = 7.0 

11 69.1 3.77 iHbrs 

12 76.1 

13 77 1 5.10 1Hd J = 7.1 

14 34.8 2.86 IHmultiplet 

15 26.7 1.98 iHmultiplet 

1.80 IHmultiplet 

16 18.8 1.88 IHmultiplet 

1.71 IHmultiplet 

17 24.8 1.89 2Hmultiplet 

18 15.8 1.19 3Hd J = 7.0 

20 26.9 1.47 3Hs 

21 18.1 1.16 3Hd J = 7.0 
v 103.0 4.42 1Hd J = 7.2 

2' 71.0 3.24 1Hdq J= 10.4. 7.2 

3 ' 65.3 2.51 IHmultiplet 

4 * 28.7 1.68 IHmultiplet 

1.26 IHmultiplet 

5 ' 69.2 3.49 IHmultiplet 

6 ' 21.3 1.23 3Hd J = 6.2 

T & 40.0 2.38 2 x 3Hs 

1 " 96.3 4.89 1Hd J = 4.5 

z ' 34.7 2.38 IHmultiplet 

1.57 1HddJ = 15 0. 5.0 

3" 730 
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4- 78 0 302 lHd J = 94 

65 6 4.00 IHmultiplet 

6- 18.4 129 3Hd J=62 

7" 21.3 124 3HS 

8 " 49.4 332 3HS 

^^ r . a m . Prfi BaraUQD Ql i.^ y^- V-^"™™ - ™ 3 *V thr * >H NRR| ^M?" 030 
An experiment similar to example 13a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 13a 

5 

Pv am p iP ia» - Pr ^ t.™ „f i.^nnronvl-^hromvcin A using S erythraea NRRI 2338/plQI 
Six 2800 mL Fernbach tlasks were .noculated with S. erythraea NRRL 2338/plG1 Each 
flask contained 1 L of tap water med.um with 50 mg of th.ostreptone added to each flask. After 24 
hours of incubation at 28«C. 200 ppm of cyclopropane carboxylic acid was added to each flask 
,0 The flasks were incubated for 90 hours and composited into a sterile. 8 L aspirator bottle. The 
aspirator bottle was used to inoculate 314 gailons of ERY-P medium in a 500 gallon pi.ot vesse.. . 
The broth was incubated, run at 27«C to 29'C. at a pH ranging from 6.7 to 7.4. with an aeration rate 
of 20 standard cubfc feetAnin and stirring at 1 75 rpm. Cyclopropane carboxylic acid (200 mg/L) was 
added after 33 hours. 81 hours and 1 17 hours The fermentation was continued for 198 hours. 
,5 After this time, the whole broth was f iKered over a 0.2 „m, ceramic fitter (30 ft*. U.S. Filter). The 
filtrate was toaded onto an XAD-1 6 resin column ( 12 L; Rohm and Haas). The resin column was 
then eluted with ethyl acetate (60 L). The ethyl acetate was concentrated to a gum (302 g) to 
which 2 L of methylene chloride was added. The resulting methylene chloride solution was 
washed with 8 L of 250 mM sodium bicarbonate buffer. pH 9. The erythromycin rich methylene 
20 chloride layer was separated, evaporated to a gum (200 g). and then resuspended into 40% 

methanol (1 0 L) which was loaded onto a CG-161 res,n column (9 L. Toso Haas). The resrn column 
was washed with 40% methanol (30 L) and sequentially eluted with 75% methanol (8 x 1 0 L) and 
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neat methanol (3x10 L). The 75% methanol fractions 5 through 8. containing the product of 
interest, were combined, and evaporated to 3.2 L The concentrate was adjusted to pH 9 and 
added to 0.95 L of methylene chloride. The methylene chloride layer was separated and 
evaporated to yield 1 2.4 g of a gum. Part of the gum (six grams) was further purified by preparative 
reversed-phase HPLC using a Kromasil 10 M m C18 HPLC column (75 mm x 25 cm) using a mobile 
phase of methanol :0.05 M ammonium acetate with 0. 1% trifluoroacetic acid isocaratic (50:50) at a 
flow rate of 215 mLAnin. Fractions containing the product of interest were combined (230 mL), 
evaporated to a concentrate (110 mL),adjusted to pH 9 with sodium hydroxide, and extracted into 
methylene chloride (50 mL). The methylene chloride layer was separated and evaporated to 
dryness to yield 630 mg of partially pure product. Another portion of the gum (one gram) was 
further purified by preparative reversed-phase HPLC using a MetaChem Inertsil 10 urn C8 column 
(50 mm x 25 cm) using a mobile phase of acetonitri!e:0. 05 M ammonium acetate with 0. 1 % 
trifluoroacetic acid gradient (20:80) to (25:75) over 50 minutes at a flow rate of 125mL7min. 
Fractions, containing the compound of interest (28-46 minutes), were combined, saturated with 
sodium bicarbonate and extracted with methylene chloride The methylene chloride was 
separated and evaporated to dryness to yield 361 mg of partially pure product. A portion of these 
partially pure materials was further purified by reversed-phase HPLC as exemplified by 
Phenomenex Prodigy 10 urn C18 column (50 x 250 mm) using a mobile phase of methanol.0.05 M 
ammonium acetate with 0. 1 % trifluroacetic acid isocratic (50:50) at a flow rate of 1 00 mUriiin. 
Fractions, containing the product of interest (27-31 minutes), were combined, saturated with 
sodium bicarbonate, and extracted with methylene chloride The methylene chloride was 
separated and evaporated to dryness to yield partially pure product. Material was further purified by 
preparative reversed-phase HPLC using a Phenomenex Prodigy 10 M m C1 8 column (50mm x 25 
cm) using a mobile phase of methanol :0.05 M ammonium acetate with 0. 1% trifluroacetic acid 
isocratic (48:52) at aflow rate of 100mL/min. Fractions containing the product of interest (41—45 
minutes) were combined, saturated with sodium bicarbonate, and extracted with methylene 
chloride. The methylene chloride was separated and evaporated to dryness to yield 13- 
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■•j /on m «\ ThP «rtructure of the product was confirmed by MS 
cyclopropyl-erythromycin A as a solid (20 mg) The structure oi me p 

and NMR spectroscopy (Bruker DMX 500 MHz spectrometer) asfollows: 
HPLC retention time - Method B - 5.6 minutes 
APCI-MS - (M+H)* observed at m/e 746. required tor C^HaNOn - 746 




NMR data. 



Atom* 

1 

2 

3 

4 

5 
6 
7 
8 
9 



*C (ppm) 
222.41 
175.88 
103.63 
96.75 
83.92 
80.25 
78.52 
78.42 
75.99 



U Attached 'H 
0 
0 



'H (ppm) 



4.45 
4.92 
3.60 
4.02 
4 74 
3.05 
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10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 



75.49 

73.05 

71.31 

69.46 

69.39 

66.02 

65.95 

49.93 

45.47 

45.23 

40.70 

40.00 

38.94 

38.46 

35.38 

29.07 

27.36 

21.94 

21.84 

19.08 

16.69 

17.38 

16.11 

12.38 

10.64 

960 

4 23 



0 
0 



2. 

1 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

1 

3 

2 



3.27 
3.84 
3.52 
4 04 
2.49 
3.36 
2.74 
2.89 
2.34 
2.02 
1.96/1 76 

3 15 
2.41/1.61 
1.71/1.28 
150 
1.28 
1.26 
1.32 
1.21 
1.31 
1.21 
1.20 
1 20 
1 16 
0.67/1.33 
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37 1.64 2 0.47/0.32 



iIp 14b - Pre 



?33B/pND30 

An experiment sim„ar to examp.e 14a. using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 14a. 

Baa ds 1^ eaBaB iifl o - 13= (Miiaall^e^ P "*ng 8 . www NRRL »M 

The culture S. erythraea NHRL 2338/plGt was inoculated Ho 50 mL tap water medium in a 
300 mL Edenmeyer Has* Atter 48 hours incubarton a. 2B°C. 5 mL c. thls .accutum was used to 
inoculate 50 mL o. EBV.P median ,n a 300 mL Ertemneyer Ml The broth was incubated a. 26°C 
The N-acety, cysteam.ne rhioeste, o. 3-thtophene carboxylic acd <20mg in 0.5 mL o. methanol, 
was added Hirer sterilised aher 24 hours and the lermenta.™ was conlNtued tor ,66 hours. A«er 
this time, are whole broth was adiusted to pH 8.5 w«h aqueous sodium hydroxide and then 
exlraered w«h ethyl acetate (50 mL, The ethyl acetate was separated and concerned to 
dryness. The sarnie was redissolved in methanol (1 mL, lor HPLC-MS analysts. This conflrmed 
the production of l3-(3-thienyl)-erythromycin B. 

HPLC retention time - Method A - 20.0 minutes 

APCI-MS - (M + H)' observed at m/e 772. required for C.H«N0 o S - 772 

r ..__ r ,. ... , _^ of 13- § NRRL 

An exponent s.m«ar to example 15a using the cu^re S. erythraea NRRL 2338*ND30. 
produces the compound exemplified in example 15a. 



F yamnte 16 - Preparation 
18643 



n( g rirr ^ 3 o^n p^l .mmvri n P 1 Hn g S erythraea NRRL 
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The culture S. erythraea NRRL 18643. an e/yF mutant of S. erythraea (Science. 252:1 14. 
5 April 1991) was inoculated into 1 L tap water medium in a 2.8 L Fernbach flask. Cyclopropane 
carboxylic acid (200 ml) was added after 24 hours incubation at 29°C with 200 rpm agitation. After 
three (3) days total incubation, one flask was used to inoculate 8 L of supplemented ER Y-P 
5 medium (60 g/L cereJose. 30 gVL Nutrisoy flour. 3 g/L (NH^S0 4 . 5 g/L NaCI. 6 g/L corn steep 

solids. 0.5 g/L MgSCv and 1 mL/L P2000) in 14 L fermentor ,ars. The broth was incubated at 28»C 
with an aeration rate of 8 L/min. stirring at 800 rpm and with pH maintained between 6.9 and 7.3 
with NaOH or H£0 4 (15%). Cyclopropane carboxylic acid (1 .6 mL) was added after 24 and 48 
hours. The fermentation, done in duplicate, was harvested after 163 hours total incubation time. 
I o The pH of the whole broth was adjusted to 9 with sodium hydroxide, and the broth was extracted 
with ethyl acetate (16 L). The ethyl acetate was concentrated to an oil in a 20 L Buchi 
rotoevaporation unit The oil was redissolved with 500 mL of methylene chloride Five hundred 
mL of water was added to this liquid, and the pH of the aqueous phase was adjusted to 9 with 1 0% 
ammonium hydroxide. After shaking vigorously, the methylene chloride layer was collected, and 
1 5 evaporated in a 1 L rotoevaporation flask to yield 1 1 .0 g of oily residue! This material was dissolved 
with 250 mL of a 4:6 methanol .-water solution, and loaded onto an 80 mL CG-161 resin column 
(Toso Haas) The column was washed with 350 mL of 4:6 methanol :water solution The column 
was then briefly washed at 8 mL/min with a 7:3 methanol: water solution, until coloured impurities 
began to elute from the column (approximately 2 bed volumes wash) At this time, a 1 hour 
20 gradient run was initiated, with the concentration of methanol changing from 70% to 1 00%. over a 
1 hour period, at a flow of 8 mL/min. The fraction containing the product of interest was evaporated 
to dryness and further purified on a reversed-phase 1 0 urn Kromasil C 1 8 HPLC column (50 mm x 
25 cm), using a mobile phase of acetonrtrile:buffer consisting of 0.01 M ammonium acetate. 0.02% 
trifluoroacetic acid, and 26% acetonitrile (5:95) for 50 minutes at a flow rate of 120 mL/min. This 
25 was followed by a linear gradient from (5:95) to (33.67) over the next 40 minutes Fractions 
containing the product of interest were combined (530 mL). adjusted to a pH of 9 with 10% 
ammonium hydroxide, and extracted into methylene chloride (400 mL). The methylene chloride 
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,ayer was separated and evaporated to dryness to yield purified 6-deoxy-l3-cyc.opropyl- 
erythromycin B (12 mg). The structure of the product was confirmed by MS. 
HPLC retention time - method B • 21.4 minutes 

APC. mass spectroscopy - (M+H)* observed at m/e 714. required for C^NO* - 714 

Eaandfi 1 7 - Prenar n— " f ^^w-^-nrnovl.PnrthromyCin B US iD fl S NRRU 19643 

S. erythraea NRRL 18643 was inoculated from a three day patch on _YPD agar (0.5% Difco 
yeast extract. 0.5% Difco Bacto peptone. 0.25% dextrose. 0.5% MOPS. 1 .7% Difco Basto agar. 
pH adjusted to 7.0) into 25 mL of _YPO broth (0.5% Difco yeast extract. 0.5% Difco Bacto 
peptone. 0.25% dextrose. 0.5% MOPS. pH adjusted to 7 0) in a 250 mL Erlenmeyer flask. The 
f ,ask was incubated at 225 rpm. 2ST0. for 48 hours. 2.5 mL were inoculated into 25 mL ER Y-P 
medium (5% dextrose. 3% Nutrisoy flour. 0.3% (NHJ**. 0.5% NaC. 0.6% CaCO, pH adjusted 
to70)andincubatedat225rpm.29-C.foratota.of6da yS . Butyr^ ac^ was added to the flask at 
24. 72 and 1 20 hours (400 ppm. 400 PP m. 200 ppm. respectively). Who.e broth pH was then 
adjustedtoo.l usingtNNaOH. The samp.e was extracted twice with an equal volume of ethyl 
acetate. Ethyl acetate phases were concentrated to dryness under nitrogen (50«C water bath), 
then resuspended in 1 .0 mL methanol for HPLC-MS analysis. This confirmed the production of 6- 
deoxy-13-propyl-erythromycin B. 

HPLC retention time - Method C - 23.5 minutes 

APC1-MS - (M+H)* observed at m/e 716. required for C^NO,, - 716 

Pvflmpi ? 1A - Evalua tion of Antibacterial Activity 

An in vitro antibacterial assay was performed in microliter and interpreted according to 
p^gpse aaoagdS te mwxm BIS Sus^W IfiS S - $m Frtitjpn Approved 
Standi published by The National Commmee for Clinical Laboratory Standards (NCCLS) 
guidelines. Minimum inhibitory concentrations^**) were obtained versus various bacteria. For 
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example. Staphylococcus aureus 80CR5 (macrolide susceptible strain) afforded values generally 
ranging from < 0. 1 to 1 .56 Mg/mL 
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Claims 

1 A compound of the formula 1: 



10 



15 



N(CHa)2 



CH 3 




CH 3 



HjC ORi3 



and to pharmaceuticallyacceotable salts thereof, wherein 

r, is an alpha-branched C 3 -C B alky., alkeny.. a.kyny.. a.koxya.ky. or alky.thioa.ky. group any of 
wh,ch may opt.ona.ly be substituted by one or more hydroxy, groups: a C^. cyo.oa.ky.a.k y . group 
wherein the alky, group is an a.pha-branched a.kyf group: a C 3 -C. cyctoalkyl or C & -C. 
cyc.oa.keny. group, either of which may opt.ona.ly be substUuted by methy. or one or more 
hydroxy, or one or more C.-C, a.ky. groups or ha.o atoms: or a 3 to 6 membered oxygen or su.phur 
containing heterocyclic ring wh,ch maybe saturated. orful* or partiaHy unsaturated and which may 
optionally be substituted by one or more C,-C,alkyl groups or halo atoms: 
or R, is phenyl which may be opfonaHy substrtuted with at .east one substituent selected from C,- 
C.a.kyl.C-C.a.koxyandC,^ a,ky.th,o groups. ha.ogen atoms, hydroxy, groups. thfluoromethy.. 
and cyano; or R, may be with a formula (a) as shown below: 



(CH 2 ) a ^^.(CH2>c 

H X 

N (CH^tT (CH 2 )d 



> 

/ 
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wherein X is O. S or -CH ? -. a. b. c. and d are each independently 0-2 and a + b + c + d < 5. 

R ? is H or OH; R,-R s are each independently H. CH 3 . or CH,CH 3 ; R 6 is H or OH; and R 7 is H. 
CH,. or CH^H,; R, is H or desosamine; R 9 is H. CH 3 . or CH^CR,; R„ is OH. mycarose (R„ is H). or 
cladinose (R n isCHJ. R„ isH; or R. = R t1 = O: and R„ is H. CH, or CH,CH,: or any of the above 
defined compounds modified by replacing one or more -CHOHor-CHOR groups by a keto group 
2. A compound of the formula g: 




N(CH 3 ) 2 



HO 



Re = H or 




CH 3 



R 10 = OH or 




H 3 C OR, 3 



1 0 and to pharmaceutical^ acceptable safts thereof, wherein 

R, is H. C,-C 9 alkyt. C 2 -C e alkenyl. C,-C, alkynyl. alkoxyalkyl or alkylthioalkyl containing from 1 
to 6 carbon atoms in each aMcyl or alkoxy group wherein any of said alkyl, alkoxy. alkenyl or alkynyl 
groups may be substituted by one or more hydroxyl groups or by one or more halo atoms: or a C 3 - 
C„ cyctoalkyl or C 5 -C 8 cycloalkenyl either of which may be optionally substituted by methyl or one or 

1 5 more C,-C« alkyl groups or halo atoms ; or a 3 to 6 mem bered oxygen or sulphur containing 

heterocyclic ring which may be saturated or fully or partially unsaturated and which may optionally 
be substituted by one or more C,-C 4 alkyl groups or halo atoms: or a group of the formula SR „ 
wherein R M is C,-C 8 alkyl. C ? - Q, alkenyl. C ? -C alkynyl. C 3 -C, cyctoalkyl. C 5 -C„ cycloalkenyl. phenyl or 
substituted phenyl wherein the substituent is C.-C, alkyl. C,-C 4 alkoxy or halo, or a 3 to 6 membered 
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oxygen or su.phur-containing heterocyc.ic ring which may be saturated, or fully or partially 
unsaturated and wh,ch may optionally be substituted by one or more C.C alky, groups or halo 



atoms 



R,isHorOH;R,-fl,areea» independent* H.CH, or CH^H»; R.is Hor OH; and H, is H. 
CH, or CHCH,: R. is H or desosamine: R. is H. CH,. or CHjCHj: R« is OH. mycarose <R„ is H,. or 
ctadinose «. kW R,„sH. or R. = R„ = O; and R„ is H. CH. o, CH^H, with the proviso ma, 
.Pen R,-R.are CH, R, is OH. R. is OH,, and R„ is CH, then R, is not H or C, «* o, any o. tne 
aPovedetmed compounds modified Py reptadngone ormore-CHOHor-CHOR groups by a Keto 



group 



3 A compound o, the tormuia 1 as claimed in daim 1 wherein R, is a CA«M <* 

cyc^enyi group wh*h may he options,,, suPs.itu.ed Py one o, more hydroxy* groups or one 

or more C,-C 4 alky1 groups. 

4. A compound of daim 3 wherein R, is cyclopropyl. 

5. A compound of claim 3 wherein R, is cyclobutyl. 

6 A compound of claim 3 wherein R, is cyclopentyl. 

7 A compound of claim 3 wherein R t .scyclohexyl. 

or alkytthioalkyi group. 

9. A compound of daim 8 wherein R , is isopropyl- 

10. A compound of daim 8 wherein R, is sec-butyl. 

« rt^jvi 2-Denten-2yl. or 4-methyl-2-penten-2-yl 

1 1 A compound of daim 8 wherem R, is 2-buten-2-yl. 2 penten ^ 

12 A compound of daim 8 wherein R, is 1-methylthioethyl. 

13 Acompound of claim 1 wherein R,isa SorSmembered oxygen or ^, P hur containing 

neterocyd* ring whicb may be optional substHuted by one or more hydroxy, groups or C,<, 
alkyl groups or halogen atoms 
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14 . A compound of claim 13 wherein R, is 3-thienyl. 

1 5. A compound of claim 13 wherein R, is 3-furanyl. 

16. A compound of claim 1 wherein R, is phenyl. 

1 7 A compound of claim 1 wherein R, is a group of formula (a) wherein a and b are 0. c and d are 1 
5 andXis-CH ? -. 

1 8 A compound of claim 1 wherein R, is a group of formula (a) wherein a and b are 0. c is 1 . d is 2 
andXis-CH 2 - 

1 9. A compound of claim 1 wherein R, is a group of formula (a) wherein a and b are 0. c and d are 1 
andXisO. 



10 



15 



20 



25 



20. A compound of claim 2 wherein R, is SR M and R M is methyl or ethyl 

21 A compound of claim 2 wherein R, is ethyf. propyl, butyl, isopropyl or sec-butyl 

22. A compound of claim 2 wherein R, is 1 -(trifluoromethyl)ethyl 

23. A process for preparing a compound of formula I as claimed in claim 1 or formula 2 as claimed in 
claim 2 which comprises fermenting an organism capable of producing erythromycin in the 
presence of a carboxylic acid of the formula R.CO^ wherein R, is as defined in claim 1 or claim 
2. or a salt, ester or amide thereof or oxidative precursor thereof, to a. and isolating the 
compound of formulae 1 or 2 

24. A process of claim 23 wherein the organism is Saccharopolyspora erythraea and which may 
optionally contain an effectively integrated plasmid capable of directing the biosynthesis of 
compounds of formula 1 Said plasmid may optionally contain a Type II PKS promoter/activator 
gene. 

25. A process of daim 24 wherein the organism Saccharopolyspora erythraea is selected from 
strains NRRL 2338. 18643 or 21484 which may optionally contain an effectively integrated 
plasmid capable of directing the biosynthesis of compounds of formula 1 Said plasmid may 
optionally contain the actl promoter and its cognate activator gene actll-grf4 

26 A process of claim 25 wherein the optionally effectively integrated plasmid is pAVLD. pIGl 
PND30. pCJR26. pCJR49. pC-AT12. pc-ATXor other similar constructs 
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27. A process of claim 25 wherein the organism is S. erythraea ERMD1 . S. erythraea NRRL 
2338/plG1. S. erythraea NRRL 2338/pND30. or other similar transformants 

28. A pharmaceutical composition comprising a therapeutically effective amount of a compound 
according to claim 1 or claim 2 in combination with a pharmaceutical^ acceptable carrier. 

5 29. A method of treating a bacterial infection, or a disorder related to a bacterial infection, or a 

protozoal infection in a mammal, fish, or bird which comprises administering to said mammal, 
fish, or bird a therapeutically effective amount of a compound of claim 1 or claim 2. 
30. Use of compound of claim 1 or claim 2 in the manufacture of a medicament for treating a 
bacterial infection in a mammal, fish or bird. 
10 31 Use of a compound of Claim 1 or Claim 2 for improving performance effects (such as weight 
gains, feed efficiency utilisation, milk yield, etc.) in a mammal, fish, or bird. 
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Avermectin A1b Rapamycin 



Figure 1. 
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B hydroxylase 

eryF 
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OH 
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eryK 
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Figure 2b. 



erythromycin A 
<R=E0 
(734.4691) 
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Fiaure 3a. 
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Figure 4c Construction of pND30 
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Figure 9 
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